
JOllALOFACiailllLEEMCH 

DEPARTMENT OF AGRICULTURE 

\’oi.. VI Wamiixgton, D. C., Si-ptsmucr ,s, io,6 ~~ \r7s 


STUDIES ON THE PHYSIOLOGY OF REPRODrCTlO.x 
IN THE DOMESTIC FOAVL.-XV. DWARF EGGS' 

By Ravmond Psari., Biologist, ami May.vir R, Cvrtis, ■tssistanl Biologist, 
Maine Agricultural Experiment sStaiion 

INTRODUCTION 

Eggs much smaller than normal eggs are occasional! v produced hv 
domestic fowls of all breeds, These eggs usually contain little or no yolk ; 
but occasionally a small yolk, usually without gerrh disk but inclosed in 
a complete ^dtellinc membrane, is present The albumen is small in 
amount, and often but not always it is of a thicker consistency than the 
albumen of a normal egg. The egg membranes are normal. The shell 
varies in thickness over the same range as the shells of normal eggs. 
Sometimes, as in eggs othenvise normal, shell is entirely lacking— that is, 
the egg is simply covered with a membrane. 

These small eggs are called by various names as “cock eggs,” “witch 
eggs,” “luck eggs,” “wind eggs,” “dwari eggs,” etc. Most of these 
names are associated with interesting superstitions. The term used by 
the people in any particular part of the world depends in part on the 
folklore of the region. Since no single term is generally accepted, wc 
have decided to use a name which, although it has no legendary history, 
is somewhat dcscripti\'e. We have therefore called these small eggs 
“dwarf eggs.” 

Among the various types of abnormal eggs produced by the domestic 
fowl the dwarf egg is mure common than ain’ other type e.xcept the double- 
yolkcd egg. This type of egg has played an important role in the folk- 
lore of all nations. Sebillot Tiedcman (25 1, Konig-Warthausen (7), 
and Bonnet (2) give some of the popular superstitions connected 
with these eggs. A widespread superstition which comes down nearly 
to our time is that a cock, or especially a \cr\ old cock, produces 
these eggs. These “ cock ” eggs were some times supposed to be made up 
of semen and “humors.” A superstition which was quite widely ac- 
cepted at an early period was that s uch an egg might hatch into a fabled 

' Daoers from ihc Biologic, U Laboraten' of the Maine A Ew-nmim Slauon. Xn. 

2 RefereHceis made by numbers to “Lfterature rued . ’ p. 1.-41- 

Vul. VI, N(«. ;5 
S'lJt. i.s, 11(16 


Journal gf Agricultural Rcsearcli, 

Dept, of Agriculture, AVashingtoa, D. C. 


(077) 



97 ^ Journal of Agricultural Research Voi.vi,no55 

ser])cnt, the basilisk,’ whose breath or look was fatal The basilisk 
was sometimes said to have head and legs like a cock. Tess definite 
superstitions which simply regard the “cock" egg as an evil omen have 
also been common. In some places European peasants cast these e^rgs 
behind them over a wall or building to avoid bad luck. In other places 
they used them as evil charms to avenge themselves on their enemies 
A very mild sort of vengeance practiced in some localities was to place 
one of these eggs among the eggs belonging to a neighbor. This pre- 
vented his eggs from hatching. A more violent charm was made bv 
breaking the dwarf egg and filling part of the shell with dew collected at 
dawn from a white thorn tree and then exposing this to the sun. A 
terrible calamity ^vas supposed to happen to the designated person as 
the sun drank the last drop of dew. 

On the other hand, these eggs have been considered as a sign of good 
luck. Pearl (ii) reported such a superstition which only a few years 
ago was accepted by a few credulous country people in some parts of 
the United States. According to this version of the myth a “luck egg” 
does not break when thrown over a building, and any wish made by the 
thrower while the egg is in the air is sure to come true. 

The dwarf, witch, or cock egg has emerged from the age of superstition 
with the cause for its production inadequately explained. It is the 
purpose of the present paper to discuss (i) the different types of dwarf 
eggs in respect to shape and also in respect to contents ; (2) the variability 
in respect to size and shape; (3) the interrelations of the variations in 
dimensions, shape, and size; (4) the frequency of the occurrence of 
dwarf eggs compared to normal eggs and of dwarf-egg producers com- 
pared to birds which do not lay dwarf eggs ; (5) the seasonal distribution 
of dwarf eggs; (6) dwarf -egg production by birds with normal and with 
abnormal oviducts; (7) the relation of dwarf -egg production by normal 
birds to the age of the bird and to the position of the egg in the clutch 
and litter; (8) physiological conditions which lead to dwarf-egg produc- 
tion; (9) the relation of the production of dwarf eggs to other abnormal 
phenomena of reproduction which either occur in nature or have been 
experimentally produced; and (10) the contribution which the study of 
the physiology of dwatf-egg production makes to our knowledge of the 
normal physiology of egg production. 

Since February, 1908, the abnormal eggs laid at the poultry plant of 
the Maine Agricultural Experiment Station have been brought to the 
laboratory for examination. In the eight years to February, 1916, 29S 
dwarf eggs are known to have been produced at this plant. The weight 
of 275 of these was taken, and in 261 of these cases the length and breadth 
were also measured and the length -breadth index calculated. Of the 298 
eggs recorded 274 were opened, and their contents were examined. 
Several of the dwarf eggs were floor eggs and a few were laid by birds on 
which no egg record was kept. In 251 cases, however, the egg record 
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of the bird laying the d«arf egg is available, Fnrlhermore, ,ai, tansies 
,vere made en several of these birds, and the condition of their sex or-aiis 
was observed. 

I, -CLASSIFICATION OF DIFFERENT TYPES OF DWARF EGGS. FIRST 
IN RESPECT TO SHAPE, AND SECOND, IN RESPFCT TO PRE'^FNCl' 
OR ABSENCE OF YOLK ^ 

The dwarf eggs of the fowl vary greatly in size and shape, Plate CXII 
shows 14 of these eggs wirfi a normal egg laid by a p-raonths-oUl piilk-t 
for comparison. From this illustration it may be seen that tlic-re are two 
distinct types of dwarf eggs in respect to their shape: The ])ro]ale- 
spheroidal type, similar in shape to a normal egg; and tlic, cylindrical 
type, which is much longer in proportion to the breadth. The cvlin- 
drical eggs are shown in tiie first row of Plate CXII,- These cylindrieal 
eggs occur much less frequently than do the dwarf eggs of the prolate- 
spheroidal type. Of the 261 divarf eggs on which complete data are 
available only 12, or 4.6 per cent, were of tins form. 

Not only do the dwarf eggs differ in respect to size and shape hut 
there is a difference in internal structure. These dwarf eggs are some- 
times defined as yolhless eggs, or small eggs containing a small quantity 
of volk usually not in a yolk membrane. During this investigation the 
contents of 274 dwarf eggs ivcre examined. It was found that sonic of 
these eggs contained no yolk but appeared to be formed arottnd a nucleus 
which consisted of a few strings of coagulated albumen, ajrparentiy 
untwisted clialazal threads and also sometimes small lumps of hardened 
albumen or small blood clots. On the, other hand, some contain small 
volks in yolk membranes. These I'olks do not usually have visible germ 
disks. The \\eight of these yolks I'aries from i gm. to nearly 8 gni. 
More than ftalf of all the eggs opened, ho^vever, contained some yolk 
which was not inclosed in a yolk membrane. Dwarf eggs may then he 
classified according to the noiioccnrrcnce of yolk and the condition of tlie 
yolk when present as, first, yolkless, second, with sonic \olk not in a 
membrane, and third, with one small yolk. In Table I the dwarf eggs 
are classified both according to form and N olk content. 

TablK I.-Classijkation of eg, is Mih as lo shofe ami c.s io yoih cM 


Shape. 

1 

X\ir.ibcT 1 
yoifclciS. 

XnTT-bn 
I’yrc\'iir- ■wnh sv'iia' 
voll:- ni'i- 

less. inanv’w- 

• hfallf. 

aoc v.it'ii XamhtT 
potne ’.vLti'i (. 11 c 
%-tilk t!i>t , Fsnall , 
inansen!- yolk, 

biaiw. 1 

Vt-r.'CRt- 

Total. 

one small 
volk. i 

1 

Shape not known 

5 

5 ^- 1 ^ : 

61. 54 . ° 

j ° 1 

Prolate-sphcroicial 

shape 

1 

i 

! 

.VV 00 , 



Cvlindrical shape 

1 

1 00.67 4 

.W- 3 o ^ 


Total 

96 

[TN'-XT 

kvll -■ 

9. fls i ^74 


: ui-iH'nsioiis nut yecyrdcil' 
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From the last line of Table I it is seen that y6, or 35.03 per cent, of the 
eggs opened were yolkless. The other 178, or 64.96 per cent, contained 
yolk. Of these, 151, or 55.11 per cent, of all the dwarf eggs opened 
contained yolk not inclosed in a yolk membrane. A small yolk ^Yas 
present in 27, or 9.85 per cent, of the dwarf eggs. From these figures 
it is seen that nearly two-thiids of the dwarf eggs contain yolk. 

II.— THE ALBUMEN AND SHELL OF DWARF EGGS 

We have seen that dwarf eggs differ in respect to the nucleus around 
which the albumen is formed. Bonnet (3) states that the nature of the 
albumen is also generally altered. The dwarf eggs observed differed 
‘greatly in respect to the density of the albumen. In many it was 
very condensed, being a thick clear mass which nearly maintained its 
shape when removed from the shell and egg membranes. It appeared 
very much like the albumen in a normal egg while it is in the albumen- 
secreting region, or the isthmus of the oviduct (15). In many other 
cases it appeared exactly like the albumen of a normal laid egg— that 
is, there was a somewhat firm inner mass surrounded by a thin fluid 
albumen. All gradations between these also occurred. In a very few 
cases the albumen was more fluid than in the average normal egg. There 
was, however, an undoubted general tendency for the albumen to be 
more than normally firm. The density of the albumen was not deter- 
mined accurateh' as a routine procedure in the dwarf eggs. Its apparent 
density as compared to normal eggs was frequently, but unfortunately 
not unifoimlv, recorded. In connection with another investigation in 
progress at this laboratory the specific gravity and refractive index of 
the albumen of many nonnal and a few dwarf eggs was determined. 
These probably were not a random sample of dwarf eggs. The minimum 
specific gravity of the sample of 7 dwarf eggs vas 1.02824, ^''hile the 
mean specific gravity for the sample of 180 normal eggs was 1.02S8. 
The dwarf eggs ranged widelv, with the upper end of the range decidedly 
above that for normal eggs. The maximum for dwarf eggs was 1.2107, 
against a maximum of 1,0415 for the normal eggs. The mean for the 
dwarf eggs uas 1.0627, which is higher than the maximum for normal 
eggs. The range, however, overlaps, 4 of the 7 dwarf eggs falling within 
the upper end of the range for normal eggs. In a sample of 10 dwarf 
eggs the refractive index lay within the range for the sample of iSo 
normal eggs. The mean was sliglitly higher for the dwarf than for the 
normal eggs; but this difference certainly was not significant. 

I'he egg membranes of d^varf eggs, so far as superficial appearances 
indicate, arc comparaldc to those of normal eggs. The shell is sometimes 
entirely or almost entirely absent, as in the case of membrane-covered 
or soft-shelled eggs, which are normal in all other particulars. The 
thickness of shell varies from very thin to very thick, as in normal egg^. 

In the present investigation no further distinction is made betwcei] 
dwarf eggs in respect to variation in albumen or shell. 
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“dwarf fogs compared'to'eIch'othfr f-I-n OF 

and the relative ^^«LABILm ' of v.f’f 

FERENT classes of dwarf eggs ^ ^ 

TABi.fi U.-Frcquency distrihuiiovs of ih, variaiion hi sh, a,ul sluiN- ,y 

of dwarf egg, i>‘^’-^n cral classes 

i.EN'Gth 


20. 0- 22 

23. 0- 25 

26. 0- 28 

ig.CrSl 

32- <>-34 

35 - 0-37 

38. 0- 40 

41. 0- 43 

44. 0- 46 

47. 0- 49 

SO. c ^52 
53- 0-5.5 
56. 0-58 


Frequency uf prolate-'^iljhi.Toida! ■^hape. Pf‘‘<l'ieiiey yf c> linilrit-.il 
sliapc. 


Ycvlkle.L.i Some free ; , 

■ : yulks. A small yolk, Yolkle*. 


Some irce 
yolk. , 


16 

2.3 


6, O' 7. 9 

8 . O' 9-9 

10, o-ii. 9 

12. 0- 13. 9 

14. 0- 15. 9 
jA cri?. 9 

18. 0- 19. 9 
20. 0-21. 9 

22. 0- '23. 9 

24. 0- 25. 9 

26. 0- 27. 9 

28. 0- 29. 9 

30.0- 31.9 
;>2- 1^33- 9 
34. 0-35.9 
35 . 037-9 

38. 0- 39- 9 



Total. 


.» 13S '■ 21) 8 ; 4 


® Two dwarf eggs of prolalo-t.plirroiclal jliapc, one 
laid after (.he fri-quencv constiiiils and correlaiioii 
ioeluded iu Table I, but nut iu Table II, III, IV, ur 


n iiJi FOnielrec yolk imii osie i'Tth a 
(.'Dcl'iideiitJ had been calculated. 


Miiiill yolk, were 

riieic arc 
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Table II . — Frequency disiTihuiion of ike variation in size and shape of IheseveralcL 
of dwarf Continued. 

EGG WEIGHT 



FrcQucncy of prolate-spheroidal shape. 

Frequency of cyUndrical 

bhape. 


Yolkless. 

Some free 
yolks. 

A Small yolk. 

Yolkless. 

Some free 
yolk. 

Gm. 






i 0- 8. 9 

6 




I 





° 

0 

12. 0-14. 9 

9 

21 

34 

18 

1 

5 

2 

I 

2 

ik 0-20. 9 

15 

12 

3 


21. 0-2^. 9 

9 

15 

3 

0 


24. 0-26. 0 

5 

16 

3 

I 


27. 0-29. 9 

6 


6 



























Total 

83 

138 

(1 26 

8 

4 


INDEX 




per (cnt. ■ ^ ! ! I 

34.O-.36. 9 ' 

37- 0-39. 9 ^ 

I 


0 

.A rw.ll ! 



49 - c^ 5 i- 9 

52. 0-54-9 




0 

I 





0 

5k 0-60. 9 . . . ! 

I 

1 







67. 0-69. 9 

70. 0- 72. 0 

73 - ‘^ 75-9 

76. 0-78. 9 

79. 0- 8 1. 9 

82. 0-8 h 9 

85. 0- S7. 0 

88. 0-90. g 


6 

r-i 

15 

21 

0^ 

I 

0 



12 

17 

12 

6 

:: 

6 

I 


















Total 

5^3 

« 1 38 

« 26 

8 1 4 


Two dwarf ejss cii prolatt'-sphcTciidal shupc. otic with soiTiefree yolk and one with a small yolk '.vere 
laid after the frequeticv cnnsiiiius and eorreluliuii iwffiaeiits had been calculated. These eggs are incluucd 
in Table 1, but not m Table. II, I IT, IV, or V, 


The size and variation of the different egg parts in dwarf eggs is an 
interesting but difficult question. It was found possible to separate 
accurately the parts in a dwarf egg with a small yolk inclosed in yolk 
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ineinbraiie. The method employed was the one in routine use at this 
laboratory (3) . The egg was first weighed ; then the egg was broken and 
parts separated. The yolk and sh(dl were wiped as dry as possible 
ith filter paper and weighed. The weight oi alt)u:nen was delennined 
difference. The weights of the parts were determined for 16 of the 
sniaU-yoihcd dwarf eggs. This number is so small that the variation 
and correlation were studied directly from the ungrouped data, 'I'hose 
data ore given in Table IH. 

° 1 frequency constants calculated from the distributions in Table 11 
and from the data in Table HI are given in Table lY. 


T:abi.5^ ill -Weight of egg 

and of each of ihc egg pafts for Ik 
time data '.ierc UtkiH 

j6 J if iff/ £v?^j' 

on M 

^ 


Wci£)ii; <ji I 

Wflgklof 1 V\ 

t'isjht oi 

EfigNu- 

1 tigg. 

yolk, , 

aibiin^ni. | 

sSitU, 



1 Cm. 1 

G>7.. ' 


G«!. 


.i 20 . 00 1 

0 . 85 

1. 00 i 

13. 00 i 

3- <’^5 


r 8 . ao 

I ..85 : 

12 . 75 i 

5.80 

3' • ‘ .... 



20 . 00 ; 

3. IQ 1 

2. p ‘ 

U). 00 j 

13. vO 1 
if). ;o j 

17 - ^0 

C - 00 



1 'D 

' 

3- 35 

4- 07 

. 4-38 

4 . no 

8 

2<g. CO 

. . . / ^4- 75 



4. 05 

9-- 

', 0 . 00 

CO 

21,3s 1 

.3- 50 

10 . . ■ - 

BO. 00 

5- 5^ 

30.00 j 

4 . CO 

ii - - - 

...... 31 . CO ^ 

r "0 

38 to 

7 . IfO 





6 . 50 

tQ- 

4 . CO 



TB.CO 

• CO 

■ 7 . 03 

20 . 2 : 

5 . 0 c 



_ 26 . :>4r0. 

; .5.2;r0.s4 

27 . 7 Qj; 0 . 

] ' 

4 . l 8 ±o. I<) 

■ ^ riilculalcd for cylindrical eggs 


Iht! vaiiauu.. . 

either with or without yo n ^ jji,l,„,enc,l mean in these cases 
constants would be nieaumg ss. comparison the 

,as calculate, 1 directlv irom chda Fo^ 

Table !V also gives the consb piv„,„„th Koch birds ilurins 

normal eggs laid by a flock 0 -- , ^3,. Pearl and Surface (20) 

tlieir pullet year, and the consta j ^ ^ j-lymouth Rock 

f,n the 450 eggs hud by an ‘ the two series agree 

pullets on February I3, ipp. T. the 

closely and may be considered a - Sme 

physical characters of the ™ eggs, no two of whtc 

the second set of constants is ba,c ■ H the better measure of 

werelaidbvthesamebird.toyar 1-^ 

a random sample of Barred Plymouth Rod c„„ 
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TabvK IV. — Conf^dfifs of variation in size and shape in the several types of d~ie:arf e 
and in norwal eggs ^ 


Number ot e^gs 

lytiij-th: 

Meaa 

Standard devia 

tion 

Cceftidenl of va 

riation 

Breadth; 

Mean 

Standard devia 

tiun 

Coeflicient r>f va 

riation 

IiideTc; 

Mean 

Standard deada- 

tion 

Weidd; 

jlean 

Standard deada- 

tion 

Coefficient of va 

riation 

Weight; 

Mean 

Standard dw 


Coefficient ol v 

riation 

Yolk weight: 

'Mean 

Standard de\'i 


Coefficient ol va- 

riiitimr. 

Albumen tveight: 

Mean 

Standard dev 

tion 

Coefficient 01 t 

riation 

Shell weight: 

Mean 

Standard dev 

tion 

Coefficient 01 ^ 
nation 


I’rnlate-siiherciidal shajie. 


Some free 
yolk. 


8j 

37 35 ' 


4ji 18. 


o Calculated directly f 
known. 


35 ± 0 'ii 

Sl± .36I 


.381 .3S| 
S 7 ± 

8:± .S 3 | 

S8± .59I 

411 


Cylinrlricul shape. 


13 ± 

7 °± 2 ' 4 S'- 

I 

24 ± .8-2 . 


, I 


!9± .63,. 
15*2. 50 .. 
!7± -34 .. 

31 ± - 24 . 


rci . 13 . 
3:i3-35 . 


Some 

free 

yolk. 




All normal 
first-year 
eggs from 
2 2- bird 
flock. 


3.180; 
.St- 70 ±0. 

2 - 4 I± 
4-3.?± 

41. i4± 
I-4Ii 
.t-44± 
7.3-05 = 

3- 36± 
52 - 92 ± 


II-3I1 

3I-.'5± 

3-8;± 

i2.2;± 


Alle;,., 
laid by s 
birds Or 
Pel}. J; 


*6' .S3- 

04; 4. 


■f 


Tabic III) for the 16 eggs on wlilcli the weights uf the parts w. 


The flocks which produced the dwarf eggs were largely composed of 
Barred Plymouth Rock birds from 5 to 17 months of age— that is, the 
birds were for the most part of the same age and strain as those pro- 
ducing the eggs from ^\-hich the normal variation constants were calcu- 
lated. Most of the. dwarf eggs were produced by iiirds of this age and 
strain. A few were produced by lairds of other breeds and a few by 
older birds, Barred Plvinouth Rock birds in their first year produced 
dwarf eggs which extend ON cr the whole range of size and shape, ihe 
slight heterogeneity of the material can not have so materially affected 
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the variation constants that it is Liiifuir to compare tlu-ni with the Ciiii- 
stants for normal Barred Plymouth Rock e^s. 

By means of the data gix'tn in Tables II, JH, and I\’ it is p.ossihle lo 
compare the size, shape, and degree of \'aria]dlity of the swa.d groups 
of dwarf eggs both among themselves and udth normal eggs. 


A.— Sizii RELATION OR DWARF AXD XORMAl. EGGS 

The means given in Table ]\' show m a thematically that all classes of 
dwarf eggs arc of lighter weight and both shorter and narrower than 
normal eggs. This fact is, of course, obvious from the most casual 
inspection of dwarf and normal eggs. In comparing the different classes 
of dwarf eggs with each other it is ticcessary to keep in initid that the 
number ,of cylindrical eggs is so small that the means determined ma)- nut 
represent the true means for this class of eggs. Of the eggs studied, 
however, the mean prolate-spheroidal, or egg-shaped, egg was decidedly 
heavier than the mean cylindrical egg. It was also decidcdlv broader. 

It can be seen from the means given in the table that the mean weight 
and the mean breadth for Ijoth groups of cylindrical eggs arc smaller 
than the mean for the same character for ain- group of the prolate- 
spheroidal eggs. The mean lengths for all cylindrical and all prolate- 
spheroidal eggs may be compared b\- calculating ftoni the means in 
Table IV the weighted mean for each of these shape groups, The mean 
lent^th fur the cylindrical eggs is 3S.22 and for the prolate-spheroidal 
eggs it is 36.23— that is, the cvlindrical eggs studied were much lighter 
in weight, decidedly narrower, but slightlv longer than the eggs of the 
prolate-spheroidal tvpe. 

The number of each class of cylindrical eggs is so small that the com- 
parisons of the means for the two classes is of verv doiibltul meaning. ^ 
comparison of the means for the several groups of prolate-spheroidal 
eggs seems to show that those with small volks average longer, broader, 
and heavier than those of the other Rroiips, vliile the nie.nns lor the 
dwarf eg'^s with some yolk not in membrane, (free voIk) are sliglnu 
hMicr than for yolkless dtvarf eggs. While the mimiw ol (hvarf eggs 
iabeh group of prolav- :.spheroidal eggs is larger than m the ca-e ol c> in- 
drical dlvarf eggs, the actual nun.ber .s not very large. lo ' , 

miac evhethcr or n<h the aboe e noted diflerences j 

evhich might arise front errors in santpliug, tuch en erence ts e p d 
tvith its probable error. The first se-ction ot Tabl.^ \ g'gs ^ ^ 
phvsical character measnred Ute deviat.on ,u mean v.-.tu -My;; 

• ■ - to the deviation benvem 


error, and the ratio of the error t 

Idklon tv.o caiiK' tUy .V 


Slice the f(inslaiitsdrrivodireiniiiK*h:.3tv::sldKDwtttey'H“-‘^ (liFevehiCC hw.v.vcn 

sample ut B.rrcrl RtwV c.^. ghr Vm the «c,cl 

ThcvviuTC the ofilv c.v.iiliblc Cl 


(hvttii a;»l norm?.! <i'>U it'- the c.i 
parts were not taken on tlie cea mtsc- 
those dctorraincrl Inini all oi the ir eye.' ot t '* 


ttbitlfi Lr char,irtyr5 are 


1 llPcV 
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and sinall-yolked dwarf eggs, between small-yolked and free-yolked dwarf 
eggs, and between free-yolked and yolkless dwarf eggs. 

Table V . — Deviation between normal eggs and egg-shapeA dwarf eggs and between 0 
different classes of eggshaped dwarf eggs for the mean and coefjicienl of variation ofead 
measured character ■' ^ 


Character. 

Classes compared. 

Difference in 
mean witli 
probable eiror. 

niflcicncc 

Probable 
moruf a 
differeuce. 

Length 

XorinabJ — small-yolkcd dwarf 

14 - 97 ± 0 - 51 

29.4 

9 -i> 

Do 

Siruill-volked— free-yolked dtvarf 


Do 

I'ree-volkcri— yolkless riwarf . 

• S 7 i -30 

Ereadlh 

Xorraal^' — small-yolked dtvarf 

9 - 54 ± .38 

24. 5 

Do 

>Sniall-volked — free-yolked dwarf 

3 - . 43 

Do 

Free-yolked — volklcss dwarf 

• -32 


Index 

Normal Cl— small-volked dwarf 


- ^ 

Do 

Small-yolked — free-yolked dwarf 

— 2. 66i: . 6g 


Do 

Free-yolked— yolkless dwarf 

- 79 ± ■ 37 


Wei">u 

Normal — small-yolked dwarf , 

30 - 43 ± .82 


Do 

Sniall-volked — free-yolked dwarf 

6. 46i: . 91 


Do 

Free-yolked — volkless dwarf 

r. 24 ± . 59 


Yolk Weight 

Normal f'— small-volkcd dwarf 

II. 5o± .34 

33'8 

Albumen weight. . 

do 

13. 76 ± . 53 

26.0 

Shetl weight . 

do . 

■ 94 i . 19 

49 

1 

1 


Di’V'iation in 
coeflicient 01 

Devifitlun 
in coefli- 

cientut 

variation. 

Character. 

Cliisscs coTn])areil. 

variation with 
proliable error 

U 3 diffcTk'ucc. 

Probable 




error of 
difference. 

T.en^'th 

i’ree-volkcd — volkless dwarf 

2. 14+ I. 02 


Do . . 

^ Volklew — small-volked dwarf 

3. 04 i:. 13 

4 i 

Do 

j Siuall-Yolkcd dwarf — normal« 

4 - 98 - 1 : -87 


Breadth 

i I'rce-volkcd — volkless dwarf 

T- 14 ± • 79 

1.4 

Do 

I Yulkless • -siuail-volkcd dwarf 

2. 49 ±x. 03 ! 

2. 4 

Do . 

1 Small-volked dwarf — normal « 

S-S^± -83 

6 . ■ 

Weight 

i Frec-volkcd— Nolkless dwarf 

4. 66 h2. 68 

t. 7 

Do 

1 Yolkless— small-yolked dwarf 

Q. 54 ± 3 . 16 

3 - b 

Do 

1 Small-yolked dwarf — normal a 

16. 34x2. 46 

(). 6 

Yolk weight 

Small-volked d'.varf^ — normal^. 

33 ' 81 B 6. 7 .3 

' > 

Altmuien weight . . 

do 

3. 42 ±2. iS 

2. 5 

Shell weight 

do 

1 

12. 45±3. 35 

5 T 


Cdla-.i2t«l from the 450 cjiis laic! by the tli.uk nn a single (ii’.y. 

!- i^'aK ulalcd from ail of the ecL's laid by a flock of 2: iiullets (hirins their first lajnnsr year. 
Cr/lculated direct from the data for the 16 small-yulked dwarf eggs fur which the weights of the pans 


It is customary to consider a difference smaller than twice the probable 
error as probably not significant, a difference between two and three 
times its probable error as of a doubtful significance, and a difference 
three or more times the error as certainly or almost certainly significant. 
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Pearl and Miner (17) liave published a table sho\Ying, for each value of 
the ratio of the probable error to the deviation, the probable occurrence 
in a hundred trials of a deviation as great or greater than the observed, 
provided chance alone is operating, and also the odds against its occur’ 
rence. From this table we see that the odds against a deviation due to 
chance alone, which is 3,0 times its probable error, is 22.26 to i. We 
also see that above 3.0 the increase in odds is very rapid. At 4.0 it is 
142,26 to I ; at 5.0 it is i ,350.35 to i ; at 8.0 it is i ,470,588,234 to i. In 
the present discussion a deviation less than twice its probable error is 
considered insignificant. The significance of a deviation between two 
and three times the probable error is considered doubtful. A deviation 
between three and four times its probable error is considered probably 
significajit. A deviation four or more times its probable error is con- 
sidered almost certainly significant, with tlie understanding that when 
the odds against the occurrence of a given deviation being due to chance 
alone are as great or greater than 142.26 to i, the deviation is almost 
certainly due to some other cause than error of sampling. 

From Table V we see that small-yolked dwarf eggs are significantly 
smaller than nonnal eggs and larger than the other classes of dwarf eggs. 
These significant differences are seen in length, breadth, and weight '— 
that is, the small-yolked egg is nearer the she of a nornial egg than are 
dwarf eggs with little or no yolk. The average length, breadth, and 
weWit are all slightly higher for d«-arf eggs Khich contain some free yolk 
than for yolkless dwarf eggs. These slight differences may be due to 
errors in sampling, since in no case is the deviation three times its probable 
eriof-that is although the mean size o! the obsennd dwarf eggs mill 
some free yolk is slightly greater than the mean size of the observed 
volkless dwarf eggs, this difference is not certainly significant. ^ ^ 

These results are in line with the results from other investigations on 
the size of eggs. First, Pearl (iz) showed tliat the relation of the iveiglit 
ot the entire e-g to the number of yolks contained (zero, one, two, or 
d ,5 h “cnrately described by a parabola. He condiide that 
while the size of eggs is not tiirectly proportional to the number of volls 
rfeontam. a detite relation probably exists between the a, noun f 
albLen secreted and the amount of yolk present in the duct lu a g 
* rend. Curtis (5) showed that within the eggs « » « 

bird the actual weight of both albumen and shell is higher m trip e-} o kc 

.e,. “’ll o V 

to the increase m yolk weight, ^ d„„bi£.yolked 

percent of the normal eggs formed ,,,.9 P 
and 30.5a per cent of the tnple-yolkM ^ birth® is a tilicant 
that in the normal eggs of ea ch induid t 
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correlation between the weight of the yolk and the weight of the albu- 
nien— that is, the amount of albumen secreted is in part at least depend- 
ent on the amount of immediate stimulation due to the quantity of yolk 
in the duct. 

The results recorded for the different classes of dwarf eggs carry these 
results further. The eggs which contain small-fonned yolks are smaller 
than normal eggs and larger than eggs whicli contain either little or no 
yolk. That eggs with a small amount of free yolk are not certainly 
significantly larger than eggs without yolk is explained by the fact that 
the two groups were separated strictly on a basis of the presence or 
absence of yolk. Dwarf eggs which do not contain formed yolks contain 
as nuclei lumps or drops of free yolk, lumps of hardened secretion, blood 
clots, or fibers of coagulated albumen. The size of these nuclei vary con- 
siderably. A single drop or a very small lump of yolk threw the egg into 
the class of f ree-yolked dwarf eggs. Several yolkless dwarf, eggs con- 
tained nuclei larger than some of the lumps or drops of yolk found in the 
free-yolked dwarf eggs. In a broad way at least’ the size of the egg 
varies with the size of the nucleus— that is, a large dwarf egg contains a 
considerable amount of yolk or some other large nucleus. A very small 
one contains a small nucleus. Since tlic irregular particles can not be 
accurately measured, the degree of this relationship ^ can not be ascer- 
tained. 

A comparison of the mean egg size of the several groups of dwarf eggs 
classified according to yolk content confirms the evidence obtained 
from a study of normal and imiltiple-yolked eggs that the amount of 
yolk (or other nucleus) present in the oviduct is an important factor in 
determining the amount of albumen secreted in a given case. 

— rhlative sh.vpe of dw.vrf .axd nok.mae eggs 

Tables IV and V also give data for a studv of the comparative shape 
of the several classes of d\varf and of normal eggs. It has already h(xii 
noted that there are two distinct shape g;'ou[)s of dwarf eggs. C^lil> 
drical and prolate-spheroidal eggs. A comparison of the mean indices 
shows that cylindrical dwarf eggs are longer in proportion to then 
breadth than are normal eggs, while prolate-spheroidal eggs arc pro- 
portionately shorter than normal eggs. It is also seen that dwarf eggs 
with small yolks are nearer the shape of normal eggs than are dwarf 
eggs without formed yolks. 

The cause for the distinctly different form in cylindrical and prolate- 
spheroidal dwarf eggs can not be certainly decided from the material at 
hand. In several cases of cylindrical dwarf eggs the form of the nucleus 
was not noted. Howe\’er, in a few pronounced cases it w as not ed^at 

! On p:ice looo it is shown that in dwarf CE«s with formed yolks the yolk weight is highly correlated both 
with the egg weight ani the albumen weight. 
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tHe nucleus of coagulated fibers of albumen ivas dtawu „nr 'T~ 
parallel to the long axis of the egg, F,.„„er. at T; „ ” -ol i: 
a„tops.es there was found m an oviduct a string of albumen , o f cm 
long and not more than i cm, in dinmcler. This was icmpped aroun i 
tong thread of coagulated albumen fibers which lav parallel to ik 
of the duet. It seems probable that the form of the stini, daring nuoil, 
h one of the factors in determining the shape of the egg Wlien the 
sdfflufus is small in amount and drawn out, the degme'’oJ stinudation 
niust be small but the area covered large. 

In the prolate-spheroidal eggs the nucleus is usually of globular form- 
that is, its shape is comparable to the shape of a norma? yolk. All the 
eggs with small-formed yolks were of the prolale-spheroidai tvpe. It has 
l)een noted that indices for divarf eggs with small yolks arc'higher than 
tfiosc for normal eggs and lower than those for other prolate-spheroidal 
eggs. The order for the value of index is thus the reverse of the order for 
the size characters. Utcr it will be shown that within each groiij} of 
dwarf eggs the index is negatively correlated with ireight. In earlier 
investigations (3, 5) it has been shown, first, that the indices for miiK jple- 
yolkcd eggs lie belotv the range of variation for llie indices of normal 
eggs, and, second, that within the normal eggs of an individual the index 
is negatively correlated with weight. The results from the study of 
dwarf eggs, therefore, extend the former e^•idence that the smaller the 
egg the broader it is iti proportion to its length. Two factors may be 
working together to produce this negative correlation between index and 
weight. First, the greater the long diameter of theuncleus— be it yolk 
drop, normal yolk, or two or three yolks in tandem —the longer will be tlie 
area of oviduct stimulated at the same time; and, second, when a plastic 
body is forced (by peristalsis) through an elastic tube the tube will offer 
less mechanical resistance to the passage of a small than a large body. 
This mechanical factor is probably of great importance in determining 
the shape of tlic egg. 

e.— RKl.VTIVI- VARI.VBILITY etF mv.\RF .VXn NORMAL EGGS 


Tables IV and give also the data fur comparing tiu* variability of the 
different classes of prolate-spheroidal dwan* c;ggs with each other and with 
normal eggs. Table IV gives tor normal eggs and for each class of egg- 
shciped dwarf eggs the standard deviation for length, breadth, index, and 
weight, and the coefficient of variation for each of these characters except 
index.* In the case of normal eggs ar,d dwarf eggs with formed yolks it 
also gives the variation constants for each egg part (yolk, albimieti, and 
shell). A comparison either cd standard deviations or of coefficients of 
variation shows that normal eggs are less variable in each character meas- 
ured than are the eggs of any class of prolate-sphcroidai dwarf ^ 

1 tv ffidpius of v«twlio« of iKTivnth,;,- Owracuifi have no physksf sinnifirancc. 
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most variable class of dwarf eggs is apparently those which have some 
free yolk, while the yolkless dwarf eggs are more- variable than the small- 
yolked dwarf eggs — that is, the small-yolked dwarf egg approaches the 
normal in degree of variability as well as in size and shape. In comparing 
classes where the absolute difference in size is as great as it is between 
normal and dwarf eggs the coefficients of variation are more accurate 
measures of relative variability than are the standard deviations. In 
order to determine whether or not the apparent difference in degree of 
variability shown by the several classes is significant, it is necessary to 
compare these differences with their probable errors. The second section 
of Table V shows these differences in the size characters with their prob- 
able errors and the ratio of each difference to its probable error. From 
this table we see, first, that normal eggs are significantly less variable than 
the least variable class of dwarf eggs (small-yolked dwarf eggs) in length, 
breadth, egg weight, yolk weight, and probably shell weight. The sig- 
nificance of the smaller variation in albumen weiglit is doubtful. Second, 
small-yolked dwarf eggs are almost certainly less variable than other 
dwarf eggs in lengtli and probably also in weight. The significance of the 
smaller variation in breadth is doubtful. Third, the somewhat greater 
variation in every size character in the dwarf eggs with free yolk than in 
the yolkiess eggs is not certainly significant — that is, it may be due to 
errors in sampling. 

As previously stated, the coefficient of variation of index, which is a 
percentage character, has no physical meaning. Since the index equals 
the percentage that the breadth is of the length, all the indices are 
measured in the same units and have the same possibilities of variation 
in range. There is, then, less objection to comparing the standard 
deviations of such a character; in fact, such a comparison is the only 
available measure of the relative variability in shape of the several 
groups. However, too much reliance should not be placed on the figures. 
The differences in the standard deviations of the indices for the different 
groups are as follows: 


Frec-yolkcd— yalklcsa dwarf =o. 35 ±o. 40 

Yolkless— small yolked dwarf — i. 35± .52 

Small-yolked dwarf — normal = .62± .43 


The only deviation which can be considered of even probable signifi- 
cance is the difference between yolkless and small-yolked dwarf eggs— 
that is, normal eggs and small-yolked dwarf eggs are probably less 
variable in shape than dwarf eggs without a formed yolk. 

The relative variability of the size characters within each group is also 
of some interest. From Table IV it may be seen that the order of vari- 
ability of the size characters of the egg is the same in normal eggs and 
in each class of the dwarf eggs. The size characters arranged in the 
order of their variability from most to least variable are (i) egg weight, 
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(J) length, and (3) breadth. I„ order to determine 

these apparent differences may be considered significant t e diff" 

tfith their probable errors and the ratio of each differme,’ ta . 

error are given in Table VI, ^ ^ probable 


'txBlH VL-Differue between thecoefficicnkof vansiinn in r>,. 
the pTobabk error of diffemee and the ratio of each J 
for -nomal eggs and for eac-h class of egq^shapd ihLf Ln 


t7iomr/m. loacthcr 
Its prohcbli atc-r. 


Class. 

j Charaficcs corrjpaiysi. 

Diflf-ti-ncp in 1 
t-wfliciwit. (ii V 

vaTiaOim, \viih 

probable cruir. 

flitlcrcsifp. 

Kornialcggs'J 

no 

Egg wdght-teiigLh 

' 4 .i 2 io,;r| Kj.fi 

li.b 

tto [ 6.0' 

1 

• 37 ii. 2 o| .3 

■ ? 2 - 50 ri. 02j n. ; 

i 3 - 9 ' 2 i-.S 5 4.6 

jg. CASi2. 13 1 t,. 4 

1 2. gt'i . or ; 3, 0 

Siuaii-yolkcd dwarf j £gg weight— length. .... ' 

eggs- 1 : 

Do ' Length— breadth . ; 

Free-yolked dwarf eggs : Egg weight— lengtli , " ' ' 

Yolkless dwarf eggs. , , 
Do 

! Egg weight— length 

Length— breadth 


0 Ftcrni 450 eggs hici bj- a fliick o( Birritd Plyruiiulh Rock piilicin m a Pinsjit jij.. 


From Table VI it appears that the order of variabilit)' of the characters 
is probably significant— that is, in both normal and dwarf e^s the size 
characters may be arranged in the order of their variahijitv as egg weight, 
length, and breadth. The only case where tlie difference is less than 
three times its probable error is between length and l^realh in “cock 
eggs" with small yolks. In this case the deviation might have been due 
to errors of sampling. 

In normal eggs it has been shown by Curtis (4) that the weight of the 
ndiole egg is less variable than the weight of atiy part (\ olk, albumen, or 
shell). Of the three parts the shell is the most and the yolk the least 
variable. The coefficients calculated for 16 dwarf eggs with small 
yolks do not show the same relative variability of the jiarts. In these 
eggs the weight of albumen was less variable than the weight of the 
whole egg, and the. yolk weight instead of being t.[ie, most constant of the 
three parts was the most variable, The mnuber of eggs, however, is so 
small that the probable error of sampling is large. Tabic f I shows that 
when the coefficients of variation of the egg parts arc arranged m the 
order of their value, the differences between the two of nearest value is in 
no case equal to three times the probable error of difference. It is, 
however, probable that yolk weight is more variable comjrarcd to the 
W'eight of the other j3arts and to t!ie whole egg in small-yolkcd rluarf 
than in normal eggs. 

2 
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Table VII . — Relative variability of the njhole and ike several parts of normal eaos aruf e 
duarf eggs wih small yo Iks 

NORMAL EGGS« 


Characters compared. 

Diflerence in 
coeflicieut of 
variation with 
probable error. 

Differcncf 

probable error 

of difference. 


I. 59 ±0. 17 
. 96 ± • 1 

, i.85± .14 

■ 


9-4 
6. 0 



small-yolkeu dwarf eggs b 


1 

20. 81 ±7. 54 , 
8, 62 ±4. 00 
2. 46 ± 3 - 32 



2, 1 



' 7 


n From j,i8o eggs laid by flock of 33 Barred Plyinouth Rock pullets. 

Coefficients calculated direct from data lor the j6 dwarf eggs of known yolk weight. 


IV .-INTERRELATION OF THE DIMENSIONS, SHAPE, AND WEIGHT OF 
EACH CLASS OF DWARF EGGS COMPARED TO THE SAME RELATIONS 
IN NORMAL EGGS 

We have seen that the dwarf eggs of each group vary greatly in each 
dimension and in weight and shape. We shall now consider the correla- 
tion in the variation of the several characters in prolate-spheroidaD 
dwarf eggs of each class. It will be determined whether a long dwarf 
egg is broader or narrower than a short one of the same class; whether 
a large dwarf egg of any class is longer or broader or both longer and 
broader than a small egg of the same class ; whether a large dwarf egg is 
longer or shorter in proportion to its breadth than a small dwarf of the 
same group; and whether or not these relations are the same in the 
several groups of dwarf eggs and in normal eggs. In the case of dwarf 
eggs with formed yolk the relation between yolk weight and albumen 
weight is also studied. 

The correlations studied then are length with breadth, breadth with 
weight, length with weight, index with weight, yolk weight with egg 
weight, and yolk weight with albumen weight. On account of the 
small number of dwarf eggs of known yolk weight, the correlations 
involving yolk weight were calculated directly from the data given in 
Table III, In the case of the other pairs of characters the usual correla- 
tion tables were made for each class of dwarf eggs. These are shown as 
Tables VIII to XIX, inclusive. 


* Cylindrical eggs appear to show the same relations among themselves as the prolate-spheroidal egR?., 
but the number is too small to determine the sigmiScance of the relationship. 
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TaBLB Ylll.-Comlaiion hehvmi egg hcadih ami egg km’il, 
yolk not in a yolk 


Kgg length (in millimeters). 


20 . 00 - 22.99 . 

23 . 00 - 25 . 99 . 

26 . 00 - 28 . 99 . 

29 . 00 - 31 . 99 . 

32 . 00 - 34 . 99 - 

3 S-«^ 37 ' 99 - 

38 . 00 - 40 . 99 . 

41 . 00 - 43.99 ■ 

44 . 00 - 46 . 99 . 

47 . 00 - 49 . 99 . 
5000 - 52 . 99 . 

Tota! . . 


r.fc); hicaiith (in millimeters:. 


ji ? ; ? I I : M f i H 


7 22 p 1 
■3 9 1 C i 


j 4 1 5 I .s ; 


•M 


3 .S 35 |2 5 1 2018 19 14 


I 


TABhR IX . — Correlation bei'tveen egg breadth and egg length t'ji dwarf eggs niOwul \ olk 


Egg breadth (in miUimelers) 


20 . 00 - 22,99 . 

23 . 00 - 25 . 99 . 

26 . 00 - 28 . 99 . 

29 . 00 - 31 . 99 . 

32 . 00 - 34.99 

35 . 00 - 37 . 99 . 

38 . 00 - 40 , 99 . 

41 . 00 - 43 , 99 . 

44 . 00 - 40 . 99 . 

Total 


Eee length (in millimeters). 


Illl 


, i 


3 ■ 2 10 

!.V: 6 : 8 ^ 9 j-- 

3 4 ‘ 

. I : 4 i 1 I 
■l...j 2 p ' 


! 


|r|. 


23 20 I 6 i I 83 


Table X.—Correkiion between egg breadth and egg length in d’darf eggs with small yolks 


E;;g hreatith (in millitriflers). 


Egg length (in millimeter?!. 

.'(i.ar- 
: J:.v 9 

j5.c?- 

- 



I 

32.00 34.99 

4 

: 

3 . V 00-3 7. 99 


* j i li ' ^ ? 

41 . 00 - 43.99 ^ I 

I 

i 1 1 3 : J , 1 

I i 6 , 

47 . 00 - 49.99 


; ; j ! I 
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Table XI . — Correlation between egg weight atid egg length in dwatf eggs with some yolk 
not in a yolk membrane 


Egg length (in milliniftcrs), 

Egg weight (in grams). 

s 

1 

s: 

1 

1 

s 

1 

1 

1 

1 

k 

1 

1 

1 

1 

II ^ 
|i i 


I 














I 

s 

I 











I 

II 

32 

23 

16 

7 

5 

I 



5 

2 

I 

20 

10 

3 











I 

12 

4 ' 

I 








2900-31.99 


1 I 

! 5 
i S 

I 







32 .00-34.99 ; 



4 

8 

2 






35. 00-37. 99 




8 

7 

I 

X 

4 

2 

2 




3 S. 00-40. 99 





I 

1 

I 

4 

I 

4 ^ ■®^ 43'99 






44.00-40.99 

... 






1 

4 / 4 y*W* * 







50.00-52.99 

Total 











I 

7 

17 

34 

18 

12 

15 

16 

9 

.3 

5 

I 

1 13S 



Table X.11— Correlation between egg weight and egg length in dwarf eggs without yolk 



Egg weight (in grams). 

Egg length (in millimeters). 

8 

1 

1 

1 

^ 1 
l| 

0 

i 

1 

1 

1 

P 

~ . ' 










1 











2 



3 

I 











7 

4 

1 

I 




14 

29. 00-31. 99 


I 

3 

2 

II 





16 

32.00-34-99 




8 

10 

3 



23 

: 




I 

4 

3 

2 

I 

II 








2 

I 

6 

41.00-43-99 






I 

4 

5 

44.uu-4u.yy 











■ 2 

6 

IQ 

9 

21 


9 

5 

i 6 j 83 









J 

: 


—Correlation between egg weight and egg length in dxearfeggs with small }oih 




Dwarf Eggs 


995 


Table XIV.— Correlation between ean nretnUt , 


E.?fi breadth (in millimetets), 

Hgs weight (in erams), 

\\ 

a 

1: 

\ 

la.?' ? ^ 

1 

1 

r 

5 

1 

? 

[ 

1 


13.00-19.99 

I 



rr 




~ 

1 

— 

— — 

22.00- 23.99 

24.00- 25-99 


i 

3 

I 

■ ■ .1 1 '. . . 






3 

26.00-27.99 




: 5 ; I '.. . 





!...! 


iS 

28,00-29.99 



S 

“ t 1 •> ; • ■ • 








30.00-31.99 ' 




13 ■ ® 

1 







32.00-33.99 





11 ^ 

4 

1 




20 

34 -o«>“ 3S'99 i 





2 ' 

9 

3 




iS 

36.00-37.99 






: - 

3 

^ ^ j 

3 


9 


111 

.l-l 

111 




. I 



2 

' 1 j 

4 

Total 

I 


17 

34 jiS 12 

1 . _ 

M 


9 


3 ! ^ 



XV.-ConclaUon hdwcm egg -^dgU and . j, breadth in i.aCgg, ChovI talk 


breadth (la milllnieters). 


18.00- 19.99. ■ 

20.00- 21.99. . 

22.00- 23.99. . 

24.00- 25,99. . 

26.00- 27.99. . 

28.00- 29.99, . 

30.00- 31.99,. 

32.00- 33.99. . 

54.oc^35.99. . 

Total - 


wtight (in Eram?). 
“> I “ 


7 6 

I 14 


7 I I 


i i 2 ' 2 f 20 

•i3!3i 0 


6 10 9 21 |i3 9 3 I 6 I 


l.iBLE X\ I. Correlation n ajg weight and egtj hnadth in dwarf eggs with mull 
yolks 


wcistit (in 


Kpj: breadth (inini]l:- 
meters). 

8 

§ 

1 

? 

! 

" 

} 

j 

5 

h 

r 

§ 

5 



; 



1 



I 

0 

5 

7 S Oft-"! nM ^ 

I 

I 

r 

^ ! 






I 


3 

2 








4 i I 







i ' 1 

38.00^39.99 






I 


Total 

I 

? 2 

3 

3 

6 

4 1 2 26 
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Table XVII . — Correlation bet'd:een egg -veigkt and egg index in du^arf eggs ‘with some 
yolk not in a yolk membrane 


Egg index (in percentage) . 




Egg weight (in grams). 



1 

I 

$ 

1 

1 

! 

1 

1 

cC 

? 

1 

1 

1 

! 

0 

1 

1 

! 

•d 

- 



























3 












1 ■ 





I 








.... 


76.00-78.99 



2 

2 



I 

3 

2 


I 

I 

IS 

79.00-S1.g9 


2 


3 

3 

2 

5 

3 

I 

I 

I 


21 

82.00-84.99. 


1 

3 

10 

s 

3 

2 

3 

1 


3 


31 




S 

7 

3 


2 

4 

I 







2 

2 

3 

2 

I 







2,S 



I 

I 

4 














I 








' 

Total, 

I 

7 

17 

34 

jiS 

i 

[1 


16 

9 

3 

7 

t 

..S 


Table XYlll. --Correlation beiiveen egg weight and egg index in dumf eggs wilhotit yolk 



Egg weight (in grains). 

Egg index (in percentage). 


1 ■ 

1 

. 

1 ^ 

1 1 

1 

8 

ii 1 

VI 










it 



, . .1 



" 








. . ,| 







3 

16 

7 ^.00-7 ^,00 - . > 

i. .. 

. . . 


2 




3 ! I 

76,00-78,99, . . . . , . 


I ' 



4 

I 

2 


79.00-Si 99 


I 
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I 
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fmall 


Kgg index (b pereenuge). 


65.00- 67.99. 

68.00- 70.99. 

71.00- 73.99, 

74.00- 76,99, 

77.00- 79.99. 

80.00- 82.99, 

83.00- 85.99. 

Total, 



j j j r M j i 


;...! 1 i. 




1 i I ! 1 
3 ! I ! t i.. 

1 3 ; 3 U i 4 


4 1 2 1 , 10 


l'I I'^i 


Table XX shows the correlation coefficients deduced from Tables VIII 
to XrX (or in the case of yolk weight from the flata) witli their probable 
errors, and also similar coefficients for normal eggs. The correlations 
are all calculated from the usual Bravais formula 


where Af- number of eggs; % and y are the deviations from the means 
and and (Tj the standard deviations of the two variables. 

T.-iblE XX.—Comlation coefficienis for the she and shape characters of the d:carf and 
normal eggs 


CiiTTctition cx)cffiricnt 5 . 


Kind of eggs. 


Kiim- 
ber cf 
eggs. 


bength 

and 

breadth. 


Length 

ami 

weight. 


F tee- yolk ed 

dwari 

Yolkkss dwarf. , 
Smafl-yolted 

dwarf... 

Normal (raeau of 
individual co- 
cft'jcients for ss 

birds). . 

N'ormai (eggs laid 
fiy flock on a 
single day) 


i.tS jo. Rjai-.o. 01,5 0 . 007 - 
S 3 , 84 . 4 ± . 021 , . 924 ± .013 

26 - 7,591 - 056 ! .840± .0,591 
3,lSo .373 |.:,53 I 

; I 

4 J 0 ! .oS 4 ± -032 .sSod . 0:2 


Breadth 

and 

weight. 


I 


:.950±o.oo6 



.8,56± .010 


Index P.nd j i 

Yr.Ik 

Tvf'cht and 
filhuitieu 

weigljt. 



- ..5W± .cfj 


- .092i; ■ 151 "C - 940 J.O. 03 . 5 ' 

i ! 


- .185 : -SiS 

. ;66 

.C.R5J- .053’ 



These coefficients were e.ilculiiied directly from the data given in Taljlc ill. 
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Table XXI gives the differences between various of these correlation 
coefficients, the probable error of the differences, and the ratio of each 
difference to its probable error. 

Table XXI. —Deviation in comlaiion coefficients, ike probable error of tke differences 
and tke ratio of each difference to its probable error ' 





Differ- 



Difference in 

cuce 

Class of eggs. 

Fairs of characters, the correlation coelficients of 
which are compared. 

correlatioa 
coefUcients 
with probable 

H- 

rwobahle 
error of 



error. 

differ- 




entx. 



Q. 017 ±0.000 
• 05o± .015 
.466± .050 
— •005± 016 


Do 



Do 



Yoltloss dwarf . . 






Do 


•476± -067 
• 043± *049 
.o8i± .068 





Do 



Do 


1*2 



«25ft± 

• 496± .038 


Do 


13. 1 

Do 



45 

.02 




Differ- 



Difference in 


Pairs of ch.iracters cor- 
related. 

Classes compared. 

correlation 

coefficients 

probable 


with probable 

error of 



error. 

differ- 




ence. 

UeiiKtli Tvitl.1 breadin. . . 

Pree-yolked— yolkless 

1 

; o.oao±o.02S 

1.2 

Do 

Yolkless — sDiall-yolked. - 

1 “ 0S5 ± - 060 

I>4 

Do 

: SriiiiU-yolked— normal 

.67;± .065 

10*4 

Deiigth with weif'hi .... 

Free-yolked'-yolkless 

1 ‘Oooi -013 j 


Do 

Yolkless — sniiill-volkcd 

! .oS4± .041 ' 

2. 1 

Do 

Small-yolked— noniial 

j ,26 d± *044 1 

SO 

Breadth with wei/oi. . 

Frec-yolkcd— yolkless 

1 .031± -OIJ 

2.4 

Do 

Yolklcss— small-yolked, . 

• 036+ .031 

Do 

Small-yolkcd— normal 

j -otri -o.u 

3 - 

Index with wci:)n 

Frcc-volked -\-olklcss 

I '040^ .080 

3*5 

Do... 

Yolkit'SS — smail-v Diked 

' .2:6± .146 

1 •oo7± .13s 

.142 


Do. . 

Small-yolked— normal 

'X- 

Yoik weight with egg 
weight. 

du 




Yolk weight with albu- 
mKii weigh 1. 

do 

: .223 





Trom Table XX the following points may be noted : 

I. In each class of dwarf eggs the correlation between the two dimen- 
sions is positive and is certainly significant — that is, a broad dwarf egg 
is also long, and \'icc versa. TIic shape of the egg is no doubt determined 
by the action of the longitudinal and circular muscle fibers of the oviduct 
walls, especially during the formation of the egg membrane and shell. 
The egg is a fluid body which tends to take a spherical shape when not 
under, pressure. At the time an egg receives its membrane and shell 
a normal egg or almost any dwarf egg is larger than the normal diameter 
of the oviduct. It is therefore under pressure which tends to elongate 
it in the direction of the long axis of the duct. The degree of pressure 
and, hence, the resulting degree of elongation will depend on (a) the size 
of the egg compared to the diameter of a cross section of the duct, and 
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(b) the relative tonus of the two sets of fit r , 

A decrease in the tonus of the circular fibers ^ ^ n-all. 

longitudinal fibers, or both, rnav 
due to increase in the diameter of the egg There 1 *^^ 
for assuming a correlation between bread.l, and long,],; riacriT” 
correlation was not significant in the random sample of norma ' 
studied by Pearl and Surface (eo). Prom this ihey concluded thante 
two sets of muscles are ,0 a largo extent indepeiidenl in „,eir aclio, 
On the 0 her hand, Curtis (41 found thatwitlim the normal egc, 
individual there is usually ‘ a significant correlation between leiMh and 
breadth—that is, the size of the active oviduct and relative tonus of 
the two sets of muscle fibers in the oviduct wall arc ajiparcntlv usually 
relatively stable in an individual, and an increase in the breadth of the 
egg IS correlated with an increase in the length. The fact that the 
correlation between length and breadth is significantlv higher (Table 
XXI) for dwarf eggs than for normal eggs may indicate that in these 
small eggs there is little or no differential stimulus on the muscle fibers 
of the oviduct wall, but that there is such a stimulus when the egg is 
larger. 

2. Length and breadth are both highly correlated with weight— 
that is, a heavy egg is both broad and long. The.se relations are also 
true for normal eggs. The random sample of eggs studied ijy Pearl and 
Surface {2o)||howed a correlation between breadth and w'dght ivhich \cas 
significantly higher than the correlation between length and weight. 
The individual birds studied by Curtis (4) 5ljo\ved a great variation in 
the relative degree of correlation of the two dimensions with the weight. 
Half the Hock showed a correlation, for breadth and ^^•eigl1t signilicanlly 
higher than for length and weight. Two birds showed a higher length^ 
weight correlation. Imr oTie-thu'd of the flock the dilTcreiicc was iin 
significant. There is no significaiiL difference between breadth -weight 
and length -weight correlation in any class of dwarf eggs. (Sec 'fable 
XXL) 

3. The index-weight correlations are. negative, and they are significant 

for dwarf eggs with little or no yolk—tliai is, for those two groups of 
small dwarf eggs the larger the egg the longer it is in proportion to its 
breadth. In the study of the uornial eggs of individual liirds Curtis 
(4) found that there was a low negative, correlation belivecn index and 
weight which was significant for one half of the individuals studied. 
This tendenev toward a negative correlation between index and wciglit 
in dwarf and normal eggs is in line with the fact that the mean index 
of the several groups of dwarf eggs, normal eggs, and niuUiple-yolkeu 
eggs varies in the opposite direction from the mean, egg weight of cacli 
group— that is, the larger the egg the lower the index. The bearing 
of this fact has already been discussed. 

I Jn iS out ni inritvichals studied. 
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4. The correlation between yolk weight and egg weight in dwarf eggs 
with small yolks is very high. Since the yolk weight forms part of the 
egg weight, we will confine our discussion to the correlation between yolk 
weight and albumen weight. This correlation is also very high. It is 
in fact higher than the average correlation between yolk weight and 
albumen weight within the normal eggs of a single individual. This high 
correlation between yolk u'eight and albumen weight in dwarf eggs with 
small yolks adds to the evidence already presented that the amount of 
yolk present in the duct is an important factor in determining the amount 
of albumen secreted, and thus both directly and indirectly influences the 
size of the egg. 

V.-FREQUENCY OF THE OCCURRENCE OF UWARF EGGS COMPARED 
TO NORMAU EGGS AND OF DWARF EGG PRODUCERS COMPARED 
TO BIRDS WHICH DO NOT LAY DWARF EGGS. 

As previously stated, the period covered by this investigation extends 
from February 1, 1908, to February 1, 1916, During this period it has 
been the practice to make up the flock in September or early October. 
A few of the birds of the previous flock are saved for specific experiments 
and the rest killed or sold. The pullets are put in the houses at this time. 
The 298 dwarf eggs collected were thus produced by nine different flocks 
of birds. The number laid by each flock is given below : 

Number 
of dwarf 


eggs. 

Feb. I, 1908, to Aug, 31, 1908 16 

Sept. I, 1908, to Aug. 31, 1909 20 

Sept. I, 1909, to Aug. 31, 1910 34 

Sept. I, tgio, to Aug. 31, 19T1 43 

Sept. I, 1911, to Aug. 31, 1912 59 

Sept. I, 1912, to Aug. 31, 19T3 17 

Sept. I, 1913, to Aug. 31, 1914 27 

Sept. I, 19x4, to Aug. 31, 19x5 72 

Sept. I, 19x5, to Feb. i , 1916, 10 

Feb. I, iyo8, to Feb. 1, 1916 298 


The first and last years are, of course, incomplete. The fluctuations be- 
tween the other years are. no doubt due largely to three causes. First, the 
size of the flock differs sonle^Yhat from year to year. Second, the average 
annual egg production fluctuates with changes in the proportion of low 
and high laying strains which compose the successive flocks — for example, 
the 1 91 4-1 5 flock contained 55 less birds than the 1911-12 flock, and at 
the same time produced 25,374 more eggs, so that although it produced 22 
per cent more dwarf eggs, the proportion of these eggs to the normal eggs 
was smaller. Third, as will be discussed later, certain birds suffer dis- 
turbances of physiology which cause them to produce a number of dwarf 
eggs. Such birds do not occur every year; in fact, an unusual proportion 
of the known cases occurred during the two years of highest dwarf-egg pro- 
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duction— that is, 1911-12 and 1914-15. Burinj; any year a fewdwaif 
eggs inay have escaped collection by being broken in the nest or laid on 
the floor and lost in the litter. This loss can not have been large at any 
time. However, in order to a\'oid the possibility of an unequal loss during 
the several years, the two years of highest dwarf-egg \>roduciiuii \vere 
selected for a comparison as to the frequency of dwarf ami normal eggs. 

The frequency of the occurrence of dwarf eggs compared to normal 
eggs may be determined by calculating the percentage of all the eggs 
produced which are dwarf. For convenience this percentage may be 
multiplied by 100. This number represents the number of dwarfs in 
JO 000 eggs. This percentage was calculated for each of the 12 months 
of the two years taken both separate!}- and combined. These data are 
given in Table XXI I . 

TarLE XXII --Total SQO production, dvjarf-cgg production, and nimher of dvnrf 
her 10,000 eggs for edeh 7non(k of the years jqu~i 2 and iQI 4 - 1 5 schrahdy and 

combined uUo for the. UfO rears combined the percentage of att (he eggs and of all if ilu. 
dwarf eggs which were produced during cock calendar month 


1 


yn-i2 


19 : 4 * 1 ^ 

i 

19 TI- 

12 ami 

Ti)iris( 

jinlnnfi 



1 

r 

1 

j 


' 


i 

i 

i 

1 


IVr- i 
ct'iitai'e. 
)f total 

Prr^ 

•cilia (TC 
[>{ lultll 

Month, 

Total 

[Iwarf 

Dwarf \ 

Turat 

3wari .t 

Drrarf 
frgs per 

Total '.Dwari 
et-cs. ett-'s. 

Dwarf 

CCS p« 


hcrtif 




1 




i 



t>rfh 

(ItK'Cfl 

ilmisl 






' 


1 




lifonlh 

(lurisif. 

niunih. 

fk'ptmber 

I.S'D 


10.7' 

604 

: 


2 . 56.1 

.5.5-'9 


1 ”!r 

i.fi-y 1 

.76 

October 

3.940 



6 



8 


4.27 j 

6 . JL 

Koveiuber 

■ 3.743 


7- 4 



'is 




6' s\ 


Pe«*tiibcr 

1 4,5CU 


4.4 1 

3 . \\\\ 


.v6 


b 


7 . fii 

^ 

January 

4.449 


^ 0 i 

1 


3- 5 

TJ.:b4 


6.3 

^ h' 

t 

Eobruarys 

4 37.'; 


1 

1 ti 


5- 1 

ro» T v' 


J 

n '' 

March 

April 

9.407 
7 . .SS 6 

5 


11 . 4 ^^' 

lIsOSi 


^1-3 

rt)- 

13 




May 

7.7?8 





17 . -'CT 




J<r. :g 

June 




I 



15.157 





July 

itUKUSt 

Total... 

. 5.339 


lio 

1 S-WX' 


5-~ 

D 0=4 

X. 




• j 6j.i;6 

59 

9-j 

i 8S. 5<*^> 



4.1 

ji-i.,.. 

131 

1 K.b 




V • 'V \ m vYTT ^bows the total nuniDer 01 " 

The last hne ra Table \M shos s i 

number of dwarf eggs, and I le nun . . ^ '"^From these data it is 

of the two years, and for the two years “ „„t 

seen that during the year ^ 9 ^ ooo— that is i dwarf egg in 

6 „„., » « ... - 

each 1,071 eggs. In ipU ^5 ^ to 1,230 

of 88,560 eggs-that is, 8.r combined! there were produced 

eggs. If the data for the wo 5 - ‘ .,,3,5 of maxi- 

13, dwarf eggs ill 151.736 “ 
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mum dwarf -egg production the proportion of dwarf to normal eggs was 
8.6 dwarf eggs in 10,000, or i dwarf egg in 1,158 eggs. Warner and 
„ Kirkpatrick (26) show that during two laying contests at Storrs, Conn., 
i99j' 37 produced, of which 103 weighed less than 0.09 pound 

(40.82 gm.). From these figures we see that they obtained 5.2 dwarf 
eggs per 10,000, or i dwarf in 1,933 eggs. 

The nine flocks which laid the dwarf eggs considered in this investiga- 
tion contained approximately 4,800 different individual birds. Not all of 
these birds had an equal opportunity to lay a dwarf egg, for while a 
large majority of them were kept until, and only until, the end of their 
pullet year, a number died at varying ages and a number were kept for 
more than one year. Also the records for 1907-8 and 1915-16 are 
incomplete. We may, however, arrive at an approximate estimate 
of the proportion of birds which lay one or more eggs by neglecting these 
discrepancies and considering that each of the 4,800 individuals had an 
equal opportunity to produce dwarf eggs. 

The 251 dwarf eggs of known origin w^ere produced by 200 different 
individuals. There were 47 eggs laid by birds whose number was not 
known. Most of these were floor eggs. In a very few cases the poultry- 
man neglected to record the number of the bird on the egg at collection 
time, and in a very few others the trap-nest record of the bird laying the 
dwarf egg was lost through some other slip. Since most of the dwarf 
eggs of known origin were produced each by a different ii^vidual, we 
shall arrive at the fairest estimation of the number of birds which pro- 
duce dwarf eggs by considering that each of these 47 was laid by a 
different individual, and by one which had not produced one of the 
dwarf eggs of known origin— that is, we may consider that the 298 eggs 
collected were produced by 247 individuals. From the above consider- 
ations it appears that during the last eight years at the plant of the 
Maine Station 247 out of 4.800 birds, or 5.15 per cent, produced at least 
one dwarf egg. 

By means of the data given by Warner and Kirkpatrick (26) we may 
also approximate the relative number of dwarf -egg producers among the 
birds in the third and fourth laying contest at Storrs, Conn. These 
birds also did not all have an equal chance, since the data were worked 
up after 7 of the 12 months of the fourth contest. During these con- 
tests 85 out of 1,820 birds, or 4.67 per cent, laid one or more dwarf eggs. 
If the data had been digested after the fourth contest had been completed, 
k is quite probable that a few more birds would have laid dwarf eggs— 
that is, the percentage given may be too low. 

The close agreement of the two approximations indicates that about 
5 per cent of the birds in an average flock will produce at least one 
dwarf egg. 
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VI.-SEASONAL FREQUENCY OF DWARF EGOS COMPARED TO XORMAE 

Eggs 


Dwarf eggs are frequently found by poultrynieu durinn- {he snrin<^^ 
and early summer and somewhat less frequently at other scm Dur- 
ing the eight years that these eggs have been collected at the plant of 
the Blaine Station they have occurred during every one of the ra months 
However, 70.8 per cent of them were laid during the live months from 
March I to July 31. During some years more than <So per cent were 
produced during these months. Table XXIII gives the number of 
dwarf eggs produced each month for each of the eight years, It ^^ives 
also the percentage of all of the dwarf eggs which were produced during 
each calendar month and the monthly percentage of the annual egg vicl'd 
as determined by Pearl and Surface (rp) for the. years liipp to 1907. 

TABee XXIII.—XmttScr of dwarf eggs recoukd mh monlhfmi Fc^rtico- J, jpoA', fo 
Febmary l, igiO, and ik percekage of the toial nvmhcr of dwarf {igii!i~igU>jaod 
normal {iSQg-lQOy) prodimd during each calendar month 



1907 and 1908 

1908 and 1909, 

1909 and 1910, 

1910 and rgn . 
ipiiand J912, 

1912 and 1913^1 

1913 and 19:4 ' 

I 9 i 4 andi 9 i 5 
1915 and 1916 

Total, ■ 

Percentage of 
total nuni- 1 
bc.r 

duced duir- 
ing month . . , 

Percentage of 
total annual j 
yield of nor- 
mal eggs pro- 

duced dur- i . ; ; i j , 

in2 month ! ' i ' • ' ! o „ f:.' 

(1899-1907) .|'’6.36C4.27 3.5qd. 9 JQ.c>8S.44^i:.?ci2-50I0-^c> 9,6, 8 .44,-b4 

The more frequent occurrence of dwarf eggs during the spring and sum^ 
mer is seen either in the record for each year ot jn the simis at t u oot 0 
Table XXIII, It must be kept in mind that this is the natural brea n ^ 
season of the fowl and that the total number of eggs laid ^ 
months is greater than during the other months of the year. \ herfi^o 

not the number of dwarf eggs in the breeding season is greater rfmnis to 
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expected if they occur in a given ratio to normal eggs can only be decided 
by a comparison of the production of dwarf eggs with the normal-egg 
production. 

The monthly distribution of normal-egg production has been investi- 
gated thoroughly in the Maine Station flock by Pearl and Surface (19). 
Their investigations cover the eight years preceding the beginning of the 
present study. They summarized their dafa for the whole period by 
obtaining the percentage of the total yearly egg production which occurred 
during each month. This egg-production polygon may be used as a 
basis for a rough comparison between the relative seasonal frequency of 
dwarf and normal eggs. Figure i shows this egg-production polygon and 
a similar polygon showing for the eight years of the present investigation 



Fir.. i.-'Diagram showiag the percentafi* of the yearly total ejg production (S-year average, 1899-1907) 
and the percentage of the total divarf-cgg production (&-year average, 1008-1916) whjdi occurred duruig 
each month. Solid line= percentage of annual eg g production . Dash lin 6“= percentage of annual dwarf- 
egg productiem. 

the percentage of all of the dwarf eggs which were produced during each 
month. The data are given in the last two lines of Table XXIII. It will 
be noted that the two polygons do not begin or end with the same month. 
The reason for this is that the first set of data was collected for September 
and October after the birds were a year old, while, as already stated, dur- 
ing the period covered by the second investigation the data from Sep- 
tember I to September i represent more nearly the data on a single group 
of birds. 

From the diagram it is seen, as would be expected on the theory of 
chance, that during the months of heaviest normal-egg production more 
dwarf eggs are produced than at other seasons. Yet it is also seen that 
the two curves are by no means parallel. The egg-production curve rises 
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gradually through the fall and winter to its spriii;^ maximum and then 
drops away even more gradually. The dwarf-egg production cuitc does 
not rise during the fall and winter, but rises very abruptly during the 
spring to its maximum, which is three months later than the maximum 
for the normal-egg curve. It remains relatively higher than the normal 
curve through the early summer. 

Since the data for the two polygons are derived from entirely difTercnt 
birds, it is desirable to pursue the investigations further and compare the 
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An examination of the diagram or of the data given in Table XXlI 
shows that not only is the actual number of dwarf eggs smallest during 
the winter but that the number of dwarf eggs per 10,000 is also smallest. 
The irregular fluctuations of the fall are due to the fact that three of the 
abnormal birds already referred to laid during these months. The 
small number of normal eggs produced at this season gives great 
weight to these dwarf eggs in calculating the number of dwarf eggs per 
10,000. Both the actual number of dwarf eggs and number per 10,000 
increases through the spring, reaching its maximum in early summer 
some months later than the maximum for normal-egg production. It is 
thus shown that the dwarf-egg production is actually highest and also 
highest in proportion to the nomial-egg production during the spring and 
early summer. 

It thus seems probable that the disturbances in physiology which 
result in the production of dwarf eggs become more frequent with the 
onset of the natural breeding season and continue to increase in frequency 
during this season. The probable nature of these disturbances will be 
discussed later. 


VII.— DWARF EGG PRODUCTION BY BIRDS WITH NORMAE AND WITH 
PATHOLOGICAL OVIDUCTS 

The production of a dwarf egg is usually an isolated phenomenon— 
that is, a bird usually produces only one such egg. This fact, which has 
already been noted, is easily seen from Table XXTV. 


T.^blU 'SCKTV .^Number of dn-arf eggs l<iid by each bird which produced one or more 
suck eggs 


Number of dwarf eggs laid by a- bird. 


3 ' 

4 - 


Total 

Number of dwarf laid by birds whose iiuiiibur was 
not known — that is, mostly floor eggs 


Number of 
birds. 

PercentaRe 
of birds. 

Number oi 

178 

89. 0 

I7S 

15 

7-5 

50 

3 

5 

9 

• r 

0. 5 

4 

I 

0-5 

5 

I 

0 - 5 

8 

I 

0-5 

17 

200 

1 100.0 

1 


47 


Total 


From Table XXIV we sec that of the 200 birds which produced one or 
more dwarf eggs, 178, or S9.0 per cent, produced only one; 15, or 7.5 per 
cent, produced two; and only 7, or 3.5 per cent, more than two. The 
figures given by Warner and Kirkpatrick (26) for the birds in the Con- 
necticut Station laying contest show an even larger percentage (94- 
per cent) of the dwarf -egg producers which lay only one dwarf egg. One 
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bird laid 14 dwarf eggs and no normal eggs. Each of the four others 
4.71 per cent) laid two. It is thus apparent that the production of 
dwarf eggs is not usually an nndence of a permanent abnormalitv or 
derangement of the reproductive organs. This view is strengthened bv 
a study of the egg records for the birds wliich produced dwarf og^s In 
almost all cases these birds have a normal egg record, The dwarf egc. is 
preceded and followed by normal eggs quite as though it was a nornnl 
egg. Autopsies were performed on several such birds, some imniediaLely 
after the production of the dwarf egg. The sex organs were morphologic- 
ally normal. There were, however, 1 1 of the 200 which showed evidrace 
of a permanent disturbance, since few or no normal eggs were ])rodiiced 
after the dwarf egg or eggs. In most of these cases the bird niade nesting 
records. It has been shown by the authors (6,13) that “nesting records 
are, in the great majority of cases, at least, associated with ovulation into 
the body cavity or the backing into it of partly nr fully formed eggs.” 
furthermore, autopsies were made on 5 of the n. cases and all of these 
showed pathological conditions of the oviduct which would interfere with 
the passage of the egg but which did not entirely close the duct. These 
cases will be discussed in detail later. The point with which we are at 
present concerned is that the records for only 11 {5.5 per cent) of the 
200 birds showed evidence of a permanent disturbance of the egg-forming 
processes. It is then evident that the disturbance wdiich causes the 
production of a dwarf egg is usually of an accidental or at least tem- 
porary nature. However, there are certain pathological conditions of 
the oviduct which result in the formation of a dwarf egg instead of a 
normal egg. 

The 1 1 cases where dwarf egg production appeared to be related to a 
permanent disturbance of the physiology of the sex organs include all of 
cases where the bird produced more than three dwarf eggs, two that pro- 
duced three, one that produced two, and four that produced only one 
dwarf egg. The production of a succession of dwarf eggs or of a long 
series of nesting records with one or two dwarf eggs should lead one to 
suspect a serious disturbance of the oviduct. 

We will first consider dwarf-egg production which is not associated 
with a morphological abnormality of the sex organs and will then discuss 
the pathological cases, 

Viri^THE RELATION OF DWARF-KGC VRODUCTION BY KORM.U 

BIRDS TO THE AGE OF THE BIRD AND TO THE POSITION OF THE EGG 

IN THE LITTER AND CLUTCH 


A.— AGE 

Attention has already been called to the fact tlia.t H'hile dwarf c?Ks may 
be produced at any season of the year the spring breeding season, the 
season for highest nonnal-egg production, is also the season for highest 
55853®-16 — -3 
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dwarf-egg production, both in actual number of dwarf eggs and in the 
proportion of dwarf to normal eggs produced. It was, however, shown 
that the maximum dwarf-egg production (either absolute or relative) 
did not coincide with the maximum normal-egg production. 

Earlier studies (5) have shown a decided relation between the age of 
the bird and the tendency to produce multiple -yolked eggs — that is, birds 
are more likely to produce double- or triple-yolked eggs before they are 
entirely mature than later in life. In this connection it seemed worth 
while to investigate a possible relation between dwarf-egg production 
and age. 

There were 189 nonnal ^ birds which laid one or more dwarf eggs. 
These birds laid 205 dwarf eggs. The age of the bird at the time the 
dwarf egg was laid could be determined in 202 cases. The age frequenev 
distribution is given below. 


Age in days. 
150-209. . 
310-269. • 
270-329. . 

330^3^9 ■ • 

390-449 . . 

4S<>~S°9 ■ ■ 
510-569. . 
570-629. . 
630-689. . 


Dwarf^egg 
frequency. 
II 

14 

23 

65 

5 = 

19 

4 

0 


Age in days, 
690-749 . , . 
750-809 , . . 
810-869 ■ • ■ 
870-929. , . 
93(0-989 . . . 
990-1,049. ,, 
1,050-1,109. 


Dwarf.<gg 
frequency, 
6 



3 


202 


The constants calculated from this frequency distribution are: 
Mean = 396.53 ±6.43 days ; standard deviation = 135.57 ±4.55 days; 
and coefficient of variation 34. i9± 1 .27. These constants must not, how- 
ever, be accepted as a description of the age variation. It has already 
been noted that a large proportion of the birds are disposed of at the end of 
their first laying year — that is, when they are 15 to 17 months of age. 
There were, therefore, many more chances for a bird to lay a dwarf egg 
during her first year than later in life. Erom data in hand it is not pos- 
sible to decide tvhether or not a bird is more likely to lay a dwarf egg 
during the second or third year than during the pullet year. The flocks 
were not depleted, however, except by the normal small mortality 
from natural causes, until the end of the first laying year. It may 
be noted from the distribution that pullets are increasingly likely 
to lay dwarf eggs up to the time they are i year old and that the chances 
then decrease up to the end of the pullet year. The mean age for dwarf- 
egg production among pullets may be calculated from the above dis- 
tribution as far as and including the 450-509-day group. This mean 
is 361.96 ± 3.75 days, approximately i year. It is apparent also that 
the second year maximum falls in the 690-749-day group — that is, 


> That is, a complete study d their records, checked in many cases by post-mortem examinations, sbgwed 
no abnormality. 
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when the bird is approximately 2 years old. Dwarf eggs are also pro- 
duced by birds approximately 3 years old. From these data we see that 
dwarf egg production, unlike multiple-yolked-egg production, is not 
associated with immaturity of the bird, but that it is most likely to occur 
during the height of the breeding seasons in the successive years. Tliese 
are, of course, the seasons of highest tiormahcgg production. In the 
case of a very few of the young birds and in an appreciable percentage 
of the old birds this is the only season in which the birds are in laying 
condition. 


B,— POSITION IN THK LITTER 


There is a widespread popular belief that a dwarf egg marks the end 
of a laying period or litter. This belief has found frequent expression 
in the literature from an early period to the present day. Konig-Wart- 
hausen (7) summarizes the belief of Tiedemann (25) as follows: “Fr 
halt die dotterlosen Zwergeier fiir ‘Reste von in Eilciter abgesoiidertein 
Eiweiss und Kalkerde’ nachdem durch Jahreszeit odcr Alter das Legen 
zu Ende ist.” To this, however, he adds his own ohseiv^ation, “dass 
solche Fehlgeburten vielfach bei erstlegcndern Huhnem (in nieiner 
Sammlung aus Marz, April, und Mai) stattfmdcn,” Wright (28, p. 579), 
in his discussion of normal eggs, says: “Of the other kinds of abnonual 
eggs the very small ones only containing albumen usually occur at or 
near the end of a batch of eggs.” That this relation of the occurrence 
of a dwarf egg to a particular position in the litter is still somewhat 
generally accepted is shown by two recent statements, lewis (9) says 
that “extremelv small eggs are common at the beginning and end of 
a laying period.” The second statement referred to occurs in an unsigned 
article on “Xenia in fowls” in the Journal of Heredity (29) and is as 
follows: 


during recrut years show U.rt the eggs rf any indivi.lujd ).cn tend « 
hecoriTu little smaller as she approaches the end of her layrng period, and the let 
one, it is generall)' believed, is likely to be dwarf, 

Since both dwarf eggs and broody hens are roost common dunng the 
breeding season, it is not unnatural that a rclationshi|) bettveen he too 
is assumed by pouUrymen teho do not trap-nest 



mariie their data on this point as folloas, .■ after 

It TO found that only t™ c'aseTfsMll egg «s found in an 

the production of a small egg. m > 
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almost unintemipted series of' normal eggs. This seems to prove conclusively that 
small eggs may be laid at any time during a hen’s laying period and that most small 
eggs are laid while hens are at the height of production. 

The data used in the present investigation confirm the main part of this 
statement — that is, dwarf eggs may be produced at any time during the 
laying period. Our figures do not show that they are less likely to be 
produced at either end of the period than during its midst, as the above 
authors seem to imply by their statement that “most small eggs are 
laid while hens are at the height of production.” It is quite possible 
that they do not intend to make such an inference. Their records show 
that out of 103 eggs 7 were laid after a resting period of 14 to 25 days 
and 2 were followed by such a resting period. Our own records for 
normal birds which produced dwarf eggs and which completed the pe* 
riod of production during which the dwarf egg was laid show that out 
of 183 dwarf eggs 8 were first and ii last eggs in their respective litters. 
A further analysis of our data on the position of the dwarf egg in the 
litter follow'S, 

A few birds lay practically continuously from the beginning of laying 
until the first molt. Usually, however, there are well-defined laying 
periods \vhich alternate with periods of nonproduction. The periods of 
production vary in extreme cases from two weeks to several months. 
In the present investigation any period of practically continuous laying, 
whatever its length, is considered a litter. In order to determine the 
relation of the production of a dwarf egg to its position in the litter, it is 
necessary to standardize the litter for the purpose of summarizing the 
data from the different cases. If the ordinal number of the day in the 
production period be divided by the whole number of days in the period, 
the resulting fraction wall represent the position in the litter of an egg 
produced on that day. By this method the litter position of each dwarf 
egg produced by a normal bird w'hich completed the litter was obtained. 
The frequency distribution for litter position of dwarf eggs is given 


below. 

Dwarf -egg 

Fraction erf litter. frequency. 

o “O. ogg 26 

, 100- . 199 19 

. 200- . 299 10 

.300-. 399 16 

,400-. 499 13 

•500-.S99 21 

. 600- . 699. 24 

• 7 °^ • 799 IS 

. Soo- . 899 10 

. 900- . 999 29 

183 


Mean= 0,506^:0.015 

Standard deviation = 0.307 ±0.01 1 
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This distnbution ,s shown graphically in figure 3. It docs not show 
a tendency of a dwarf egg to be produced at any particular ixisition in 
the htter-that is, the variation in the class frequencies are irrcnlar 
The dash line in the figure represents the mean class frciucncv in other 
words, it represents graphically the frequency distribution’ for 18- 
observations evenly distributed among 10 classes. It is the ideal dis^ 
tribution of things equally likely to fall into any one of the 10 classes.’ 
The question which concerns us is whether or not the actual distribution 
differs from this ideal distribution hy an amount greater than we would 
expect if the differences are due entirely to errors in sampling. 



POS/r/OA/ /A/ L/TTPR 


3 .—Diagram showing the nrimher of dwarf eggs which occurred in eacfi tem h of a litter. Dwh Imc- 
Ihe mean freiiui’ucy- 


A frequency ciutc of a given area is defined by its mean and the 
moments about this mean. The first four moments or the three com 
stants. standard deviation, and derived from these moments define 
a curve sufficiently for practical purposes. Two frequency cun^es of 
equal area which differ significantly from each other will show a signifi- 
cant difference between one or more of the similar constants. These 
constants and also the mean, which gives the. location of the curve in 
space were computed for both the actual and the ideal distribution. 
These constants, with their probable errors, and the difference Ixitween 
the similar constants for the two curves, with the probable error 0 
difference, are gi\ en in Table XX\ , 


1 A gtnicral trcatmcut of this " horizunt^d hi: 
Type II, will shortly bf piiblisheci elsewhere. 


'■ fre<iucncy eurve, whirl, is a special ease d 
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Table XXV . — Mean standard deviation, jSj, and the difference between the similar 
constants for the two distributions for ike actual frequency distribution of the position 
of dwarf eggs in the litter and for an ideal evenly diHributed frequency of the same size a 


DistributiDQ. 

1 

Mean. 

Standard devia- 
tion. 

^1 

hi 


0 . 5o6±. 015 

. 50 O±. 0 T 4 : 

0. 307 .:[:. Oli 
. 2874:. 016 

0. 00 . 34 :. 001 

0 

I- 73±.05 
I. 78 ±.o 6 

Ideal 

Difference with 
probable error of 
difference 

. OObi;. 02 r 

. 020±. 019 

■ o«3 

• 054 :. 08 


" These constants are equal for any evenly distributed lo-class frequency with a class unit of o.i, but 
the probable errors given in the table are calculated on the basis of 183 observations. 


The last line of Table XXV shows that in no case does an essential 
constant for the actual ciiiwc differ from the similar constant for the 
ideal cur\^e an amount which is certainly significant^ — that is, the 
irregular fluctuations of the frequency cuiwe for the litter position of 
dwarf eggs are not greater than the expected fluctuations of a random 
sample of the same si/.e drawTi from a population evenly distributed 
over the range. The present data, then, indicate that a dwarf egg is 
equally likely to occur at any time during a period of production. 

C. — POSITION IN thh; clutch 

A fowl seldom lavs on every dav during a litter. The actual time 
between successive eggs depends on the rate of fecundity of the indi- 
vidual at the time. This rate differs greatly with the individual and 
with the season of the year. It also, in general, increases from the 
beginning of a litter to a maximum and then decreases toward the end 
of the period of reproduction (4, 19). Since fecundity finds its mani- 
festation ill discrete units (eggs) , the result of a very low' rate is expressed 
by the production of an egg on a day preceded and followed by one to 
several days on which no egg is produced. A common low fecundity 
rhythm results in the production of an egg on every second day. !More 
usually an egg is produced somewhat later on each of two or more suc- 
cessive days, and then a day follows on which no egg is produced. The 
next egg is produced early on the following day. The litter is thus 
objectively broken into a series of daily eggs, which we may call 
“clutches,” separated by one or more days on which no egg is produced. 
The size of a clutch varies from one egg to the extreme and unusual 
cases where a whole litter (sometimes of more than 40 eggs) is laid in a 
continuous daily series. 

The general acceptance of the notion that a dwarf e.gg marks the end 
of a period of production suggests an investigation of the position of the 
dwarf egg within its clutch. In 197 of the cases where a normal bird 
produced a dwarf egg the bird completed the clutch to which the dwarf 
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egg belonged. Table XXVI gives for c' - r , 
distribution of clutch position of dwarf ecr-- ° i'rtquency 




Table XXVI.~(7.7c;.-/,o,d//o«/r,5«,„,3. of the duvrf.ggsfor cv 


'crr she pf clukh 


Ordinal immber t»f the egg i-i the dutdi. 


Number ol eggs in 
the clutch. 





- 







- 

■ 




I 

50 

26 

10 

5 












3 

4 

5 

ft 1 

19 

4 

13 

3 ' 

7 

5 



. 

::: 

... 

;;;; 

!’d 

• 

.. . 

... 

L ’ 

. 


7 

I 

I 

0 

0 

0 

I 

; I 

0 1 

3 

° i 


.. .i 

1 

■ ' ' i 

7 


:: ■7 


8 

0 

0 

0 

0 

I 

0 ' 


0 ! 

1 







9 

I 1 

0 

0 

1 

0 

0 

0 

0 

0 ! 







11 

0 ! 

0 

I 

0 

0 

0 

0 

0 

, 0 

0 

0 





15 

0 

0 

0 

0 

0 

0 

0 

0 

1 0 1 

i T - ' 


0 

0 

0 

•1'! 

Total 

95 1 


26 

10 

1 : 

8 

1 ^ 

1 2 

0 

1° 








2 . j;4 

.L 05 

I. !i2 


This table (XX\T) shows that 50 dwarf eggs occurred as i-('gg 
clutches— that is, no egg was produced on either the preceding or the 
following day. Forty-six occurred in 2-egg clutches, the other egcr 
being in each case a normal egg. Of these, twenty-six were the first! 
and twenty the second, of the two eggs. Similarly through the table 
we may compare the number of dwarf eggs iiroduced in the successive 
positions in a clutch of any given size. The clutches in which dwarf 
eggs occurred varied in size from one to fifteen eggs. A study of this 
table shows no apparent uniform tendency for a dwarf egg to occur in 
any particular position in a clutch. 

In order to summarize the data for the various-sized clutches, it is 
necessary to standardize the clutch. A clutch may be conceived as a 
line of definite length. This line may be divided into as many segments 
as there are eggs in the clutch. Each segment may be assigned a value 
equal to the fraction which the distance from the origin to the midpoint 
of the segment is of the whole length of the line. An egg, then, has a 
definite clutch-position value expressed as a fraction of the clutch. 
These values are comparable fur all sizes of clutches. For example, 
the value assigned to the middle egg of any clutch which contains an odd 
number of eggs is 0.500. A table was calculated which gives tlui value 
for each clutch position in each size of clutch, by means of this table 
the clutch position for each dwarf egg can be determined in terms which 
are comparable for all cases of dwarf-egg production whatever the size 
of the clutch, 
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The dutch-position frequency for the occurrence of dwarf eggs is 
given below. 


F raction of clutch • frequency. 

a - 0-199 19 

.200-. 399 40 

- 4 CO- * 599 23 

■600-.799 35 

.800- .999 28 

147 

Mean =0.518^0.015 


Standard deviation = o, 267±o. on 



./ .3 .S .7 .9 

pos/r/o/v //V CAU7VP 


Fig. 4.— Diagram showing (lie niiinbcr of (iwari eggs which occurred in each fifth of a litter, Dash line 
shows the mean frequency. 

This distribution is shown graphically in figure 4. 

There is no apparent relation of dwarf-egg production to any par- 
ticular position in the dutch. The dash line in the figure, as in figure 3, 
represents an ideal unifonn frequency for the same number of observa- 
tions similarly grouped. In tliis case, as in the case of litter position, 
the actual frequency was tested against the ideal uniform frequency to 
determine whether or not the irregular fluctuations were greater than 
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would be expected from errors in sampling. The mean und the tliree 
constants which define frequency curv^es, standard deviation, and 
were calculated for the actual and the ideal distribution.’ It has 
already been pointed out that two distributions with the same num- 
ber of observations which differ significantly will show a significant 
diSercnce between the values for one or more of these similar constants. 
The constants for each distrihiitioii with the differences between the 
similar constants in the two ounces are given in Table XXVH. 


TABim XXVII.— standard deviaiion, and the actual frequenry di.dii- 

buHon of the position of du'arf eggs in the. clutch compared 'u-ilh the same constants far 
an equal even distribution with the same number of classes 


— ^ 

pLstribution. 

ireaii, 1 

Standard devia- 
ting. 

^1 1 



0. 5i8±o. 015 1 
' . 500:^ , 016 

0, 2b]~0. on 1 


r 7 l 9 ±o. 05.} 
J. Tcoi . 05.J 

Ideal 

. 283^ . Oil ' 

j 0 

Differ c n c e . 
with prob- 
able error of 
difference. . . 

. 018 ± . Q22 

i 

j . 016-!: , 016 

1 . 00005 

. 0.}9:r. 076 


The last line of Table XXVII shows that not one of these constants 
for the actual distnbution differs significantly from the similar constant 
for the ideal distribution— that is, the irregular fluctuations in clutch 
position of dwarf eggs are not greater than would be expected to occur 
from errors of sampling. The present data indicate, then, that a <lwarf 
egg is equally likely to occur in any dutch position. 

IX -PHYSIOLOGICAL COXDITIOXS AND EFFECTIVE STIMIT.I WHICH 
LEAD TO DWARF-EGG PRUDUCTIOX 


It has been shown that dwarf eggs usually represent some Imiiponiry 
disturbance or some accident in the physiology of reproduction, since 
such e-rcs are preceded and followed by normal eggs. The drsturba.ice 
is most likely to occur during the height of the breeding season, altliough 
it may happen at any time during the year. During any paitrcuUw Inter 
or dutch a dwarf egg is equally likely to occur at any Inne.^ A1 tough 
the cause of dwarf-egg production is usually of a ten.]»rai) chapter 
there ate cases where a bird lavs only, or elnelly, dwarf eggs lor some 
time Other birds produce normal eg.gs for some time and then bewoine 
hTbituardwarf-egg'prodncers. In the present 

the nature of the disturbances, both temporary and pennanent, wine 

lead to the production of dwarf eggs. 

Tiedemann (as) eteplaincd the origin of the dwarf egg a he rordue 

of albumen and shell secreted in the ovidue 

Wright (2%) saystbattheoccurronceof small abnormal eg,gs needs..M 
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occasion anxiety. They usually occur at or near the end of a batch of 
eggs and merely show that the ovary is exhausting its supply of ova or 
yolks a little before the secreting parts of the oviduct arc quite ready to 
suspend business.” Lewis (8) explains dwarf -egg production, which 
he says is common at the beginning or end of a laying period, as “in part 
due to a diminution in the size, hence in the lessened secreting power of 
the o^dduct.” These views are untenable in the face of the facts cited 
above. Bonnet (2) says that such eggs mostly arise through pathological 
processes in the oviduct. 

On the basis of unpublished data, Pearl, Surface, and Curtis (21, p. 176) 
made a statement of the factors rvhich w'ere probably involved in dwarf-egg 
production. The data on which this statement was based are included 
in the data used in the present investigations. The data then on hand 
indicated that three fundamental factors are concerned in dwarf-egg 
production. These are: 

1 . The bird must be in an active laying condition ; tlie more pronounced the degree 
of physiological activitx' of the oviduct the more likely are these eggs to be produced. 

2. There must be some foreign body, however minute, to sea-'e as tlic stimulus 
which shall start the albumen glands secreting. This foreign body may be either 
a minute piece of hardened albumen, a bit of c«")agulated blood, a small piece of yolk 
which has escaped from a ruptured } olk, etc. 

3. It seems likely, tliough this is a point not yet definitely settled, tliat ovulation— 
that is, the separation of .a yolk from the ovar}’ — must precede the secretion of albumen 
around the foreign body to form one of tliese eggs. 

To a large extent the complete investigation confirms and extends 
these conclusions. The data which contribute to our knowdedge of the 
plivsiology of dwarf-egg production are the complete egg records and the 
autopsv records of dwarf-egg producers. 

A. — liVIDEX'CE FROM THE EGG RECORDS AND AUTOPSY RECORDS OF DWARF- 
EGG PRODUCERS WITH ABNORMAE SEX ORGANS 

It has already been noted that the egg records for t i of the 200 known 
dwarf-egg producers showed that few or no normal eggs were produced 
after the dwarf egg or eggs. vSuch birds usually make nesting records, 
the dwarf egg occurring in a series of the nesting records. As an illus- 
tration, the egg record of case i is given in Table XXVUI. 

Brora this record it may be seen that the bird was a heavy layer, pro- 
ducing 162 eggs up to May 28. After this she produced only one normal 
egg (on June 26). The nesting records occurring in clutches indicate that 
the ovary passed through its normal cycles. Four dwarf eggs w^ere pro- 
duced in a series of nesting records, The bird made her last nesting 
record on January 16. Twenty-four days later (February 9) she was 
killed for data. She was in a normal healthy condition and was very fat. 
The \isceral organs were apparently all perfectly normal, except the 
oviduct. The ovary contained an enlarging series of yellow yolks, four 



of which were more than i cm, in diameter. There were no visible dis- 
charged follicles. .The bird was evidently approaching another cycle of 
egg production. The oviduct was nearly the size of an oviduct in a laying 
bird of the same body weight. The organ had but one abnovuuiiity. 
5ix cm. from the mouth of the funnel were two constrictions, separated by 
about I cm. of duct, the same diameter as the rest of the albumen 
region. The finger could be pushed through these constrictions. There 
was no pathological appearance in the duct wall at these points. It 
seems probable, however, that these constrictions prevented the passage 
of the normal egg, but allowed the passage of a smaller body, as the begin- 
ning of the dwarf egg. No yolk was found in any of the dwarf eggs pro- 
duced by this bird. The nucleus in each of three cases was one or 
more small lumps of coagulated albumen. The dwarf egg prorluced on 
November 21 contained a small-stalked hard-shelled dwarf egg. The 
entire egg weighed only ii.i gm. Neither the outer nor inner egg con- 
tained any yolk. 

TadcE XXVIII .— record of case 1.’^ 



.A.r.rit'iri' ‘'n ’ avisittoUiOtTapjiestlwttio 

a** I** denotes a noRnd.1 i- cidwarl n 
killed for data. 

Case a was that oi another good layer which suffered a pc^neot 
disturbance, which hindered the product.on of ^ 

nritted dwarf-egg production. The case history of tins tanl Mlowa 
Santolavon'septc„,her 3 ,. 9 t 3 . 

laving for the first molt, on October 5, 191.1, . 

November 6, rprh, while the bird was suH '■"‘“f 

fourths of her ovary was tWs time until July 8 , 

to lay again on Dccenibei .9, _I 9 4 , - 

tr, 15, she produced 128 cggs._ fh ■ ‘ cw, the last of 

a dwarf egg. This was the tirst ot 

which was produced on .T'> 1 c.,es, on July Ji 

tive period followed by a clutch o ,y ‘ 
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gust I and 2. These were the last normal eggs produced. One more 
dwarf egg was produced on August 7. On August 29 the bird died of 
peritonitis. 

At the autopsy a cylindrical dwarf egg was found in the oviduct. It 
was projecting from the isthmus into the shell gland. The egg had a 
shell which was thicker at the posterior end. Both the membrane and 
shell were incomplete at the anterior end. Several days before this 
bird died an egg similar to this one was found on the roosting boards of 
the pen in which she was kept. The funnel region of the oviduct was 
apparently normal. The glandular ridges were smeared over with 
what appeared to be albumen mixed with a small amount of yolk. At 
the anterior end of the albumen-secreting region the glandular ridges 
were very thick, and nodules of what appeared to be glandular tissue 
projected through the muscular layers. The region was somewhat con- 
tracted. Behind a narrow band of this tissue the duct was normal. In 
the body cavity free yolk was smeared over the intestines, and one yolk 
was walled off by peritoneum just below the ovary. Unfortunately 
no record was made of the contents of the egg found in the duct. Four 
of the eight dwarf eggs which were laid contained small drops or lumps 
of yolk. The. other four were yolkless. All eight contained coagula- 
tion fibers which looked like normal chalazfc. The four yolkless ones 
contained no nucleus except these chalaza-like masses. 

Apparently the ring of pathological tissue formed a partial constric- 
tion which hindered the passage of normal yolks. Yolks evidently 
entered the duct and were either extruded into the body cavity unbroken, 
or were broken and then entirely or mostly extruded. These yolks 
stimulated the secreting functions of the duct. In case all or most of 
the yolk was extruded the result was a dwarf egg. Three yolks evi- 
dently passed the obstruction unbroken and became the yolks of nor- 
mal eggs. 

Case 3 was that of a bird which was a fair producer during the early 
part of the season, vSiic laid 1 50 eggs before July i and had always made 
some nesting records. The proportion of nesting records to eggs increased 
through the spring and early summer. In July there were as many 
nesting records as eggs. In August only t^vo eggs were laid. The last 
of these, on August 27, was the last normal egg produced by this bird. 
From August 30 to October 16 the. bird nested on every day except three. 
The only egg laid during this time was one dwarf, which was produced on 
September 16. Tlie bird nested twice in November. There were two 
clutches of nesting records early in December. On December 13 the 
bird laid an egg which contained a normal yolk but which had a projection 
like a snail shell on the large end. The projection was formed of a mem- 
branous tube continuous with the egg membrane and filled with albumen. 
This tube was folded down onto the end of the other part of the egg and 
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was covered with a cap of shell, There was a distinct scan, be^^^ 
base of this cap and the shell which covered the rest of the aithou.h 
they were continuous. Two days after this egg was laid th" bird w^s 
killed, and an autopsy was performed. There was an egg in the oviduct 
just eutenng the isthmus. The lower end was covered with inetnlmme 
The upper end was prolonged into a string of albumen 5 or 6 nun iu 
diameter which extended 5 or 6 cm. up the duct. This' egg then was 
similar to the egg laid two days previously in that it failed ^to mimd off 
normally at the anterior end. There was an abnormality of the oviduct 
which consisted in the presence of nodules of tissue in the glandular 
ridges of the funnel region. The nodules gave this lower portion of the 
funnel a quite abnormal appearance. Nodules were present iu the 
peritoneum as well as in the oviduct. There were two large eniptv 
follicles on the ovary and a normal series of enlarging yolks, five of which 
were above i cm. in diameter. The other viscera were also normal, At 
the time of the autopsy the tumorous nodules in the 'lower funnel did not 
prevent the passage of yolks. The long series of nesting records at the 
time the dwarf egg was produced suggests that for a long period the 
pathological conditions of the duct may have jireventcd the passage of a 
normal yolk. The dwarf egg produced in the midst of this long series 
of nesting records contained some yolk wrapped in the chalazal fibers and 
some mixed with the thick albumen. The last normal egg had been laid 
20 days before the dwarf egg, It seems therefore certain that the yolk 
in the dwarf egg was a part of a yolk which was broken either in the 
process of entering the duct or after it had entered. In the latter case 
the most of the yolk must have been extnided into the body cavity. 
Another high producer which suffered a permanent disturbance which 
hindered normal-egg production was case 4. This bird produced 247 
eggs during her first laying year. She had made occasional nesting 
records from the start, but the proportion of these to eggs increased 


markedly after July i. There were, however, periods when the bird 
produced a litter of eggs without making nesting records. On February 
13 of her record year the bird produced a dwarf egg. The egg which 
preceded this was a normal egg laid 1 3 days earlier. The dwarf egg 
contained chalaza-Uke coagulated albumen fibers, but no trace of yolk 
or other inclusion. Two days later the bird produced a normal egg. 
This was the last egg laid. Occasional nesting records followed. On 
May 5 (70 days after the last egg) the bird died and an autopsy was 
made. The ovary contained a normal series of enlarging yolks and four 
ruptured iollides. The body cavity contained a yellow fluid which was 
apparently a mixture of yolk and scrum, A tumorous growth consisting 
of small solid tissue nodules was scattered all over the mesentery. A 
few nodules were present on the walls of the intestine. The upper a 
of the oviduct was badly diseased. The walls were thickened and hard. 
In places they were covered with large bunches of tumorous tissue. 
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This case again show's that a nonnal heavy-laying bird may develop a 
disease which affects the oviduct and prevents the passage of normal 
yolks, but which does not prevent the formation of yolks in the ovary. 
These yolks are ovulated into the body cavity. Since there was no yolk 
in the dwarf egg, it can not be proved that the egg formation was initiated 
by the entrance of a yolk which was later extruded. This may, however 
have been the case. The occurrence of a normal egg only two days later 
shows that the ovary was in active condition. The immediate cessation 
of normal-egg production, the continued occasional occurrence of nesting 
records, and the condition of the ovary and oviduct at the autopsy 
strongly suggest that the passage through the duct was already consider- 
ably obstructed at the time the dwarf egg w^as produced. 

The complete record of one more case (No. 5) is available. This bird 
did not begin to lay until November 13. She laid nearly continuously 
and made no nesting records until July 10. During this time (240 days) 
she produced 160 eggs. From July 10 to 23 the records show neither 
nesting nor eggs. This probably represents a normal period of non- 
production. No normal egg was produced by this bird after this period 
of nonproduction. On July 23 a dwarf egg was produced. This was 
followed by nesting records on the 24th and 27th. On the 31st another 
dwarf egg was produced. On August 3 and 4 the bird nested and on 
the 5th she produced a third dwarf egg. This was the last egg produced. 
From this time until the bird was killed (Sept. 2) nesting records con- 
tinued to occur in series similar to the clutches of normal-egg production. 
We have no record or the contents of the dwarf egg produced on July 21. 
The eggs produced on July 23 and August 5 contained no yolk, but had 
as nuclei lumps of hardened albumen. The egg laid on August 5 was a 
dwarf egg which had a stalk attached to the large end. This stalk 
contained albumen and was covered wnth membrane and shell. To 
the lumps of albumen in this egg were attached long chalaza-like fibrous 
strings. One of these extended into the stalk. The autopsy record of 
this bird shows the ovary in a normal period of reproduction ^vith a series 
of enlarging yolks, five of w'hich were more than i cm. in diameter. 
There were four empty follicles visible. The anterior half of the oviduct 
was pathological. The walls were covered with a tumorous growth 
which appeared to be a proliferation of the muscular tissue. The outer 
layers of the walls of the intestine, portions of the oviduct ligament, and 
a small portion of the surface of the ovary contained small nodules of 
similar tissue, The body cavity contained a serous yellow liquid in 
w'hich were lumps of yolk. The fact that the three dwarf eggs occurred 
between the production of the last normal egg and the complete cessation 
of egg production suggests that the disease may have gradually obstructed 
the passage through the duct. Whether or not the dwarf eggs were initiated 
by yolks which entered the duct and were later extruded can not be 
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decided, since they did not contain a trace, of yolk. The continued 
occurrence of nesting records and the condition of the ovary at autopsy 
show that the reproductive cycles of the ovary were not interrupted. 

The dwarf eggs occurred during such a cycle. 

The five cases of du-arf-egg producers cited above have several things 
in common: (i) Each bird was a normal, high-laying individual which 
became unable to produce normal eggs on account of a palliological 
condition of the oviduct. (2) In every case the part of the duct afTected 
was the posterior end of the funnel, or the anterior end of the albumcu- 
secrcting region, or both. (5) The disturbance in each ease was of a 
nature to constrict or prevent the normal expansion of the lumen of the 
duct. (4) In no case was the passage completely closed. (5) lii each 
case there was convincing evidence that the ovary was in a normal repro- 
ductive cycle at tlie time the dwarf egg was produced. 

Five of the sixteen ^ dwarf eggs produced by these birds contained as 
a nucleus a small quantity of yolk not inclosed in a vitelline membrane. 
This yolk was no doubt a part of a normal yolk, the rest of \Yhich was 
absorbed by the visceral peritoneum. Three of the five^birds ^verc 
absorbing yolk in this manner at the Lime of autopsy. 'iTic presence 
of a part of a yolk in the egg may have been due to any one of several 
causes The three which seem most probable are the following; 

1 . A yolk may have been broken during its passage into the duct and 

only a part of it may have entered the duct, _ 

2. A part of a yolk ovulated into the body cavity and, broken either 
before or after ovulation, may have been picked up by the funnel. 

, A normal volk may have entered the duct and being unable to pass 
the pathological portion mav have been broken and a par, of h e.xtnnW 
into'^the bodv cavity, the renfhiniiig portion may have pawd 
obstrnction, becoming the effective stimuinx for the formatror. ol the egg 

“active rtimnlus in the case of the dwarf eggsrvhich donot contain 

that in some or all of these ^ ^ 

slimulateci the upper duct '' 

as far as the obstruction, and nen ■- ^ stimulus neces- 

chalazul material and albumen 0^ u n s contained lumps 

sary for the conipIeLion ol ^ albumen left iu t!ic 
of hardened albumen which ^ ^ 

duct or abnonualh secrete , secretion of the egg 

tion, such a mechanical stnmi ' ,[ j a drvarf egg <1W 
envelopes. It nntrt be kept _ . 

— , not rt.‘C0T<]c<i, 


imwoothercas«tb.nfesra«w 


nhscoceofvo'-^' 
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occur unless the ovary was actively producing yolks. In none of the 
above-mentioned cases was it impossible that a yolk had entered the duct 
and started the formation of the egg. 

We have considered 5 of the 1 1 cases of dwarf-egg producers which were 
apparently permanently abnormal. Autopsies were not performed on 
the six other cases. The egg records for five of them (No. 6 to 10) resem- 
bled the egg records of the birds just discussed. No normal eggs were 
produced after the dwarf egg or eggs ; also the birds made nesting records 
similar to egg records, indicating that the ovaries passed through normal 
reproductive cycles. The relation of the occurrence of dwarf eggs to 
normal eggs or nesting records was of a nature to show that they were 
produced only when the ovary was maturing yolks. Several of the dwarf 
eggs contained free yolk. 

The record of the other bird (case ii) is worthy of special mention. 
This bird laid 17 dwarf eggs. These eggs were also produced when there 
was evidence that the ovary was in functional condition. The unique- 
ness of the case lies, first, in the unusual number of dwarf eggs, and 
second, in the fact that, although the number of dwarf eggs and nesting 
records and the proportion of these to normal eggs increased, some nor- 
mal eggs were produced as long as there was any evidence that the bird's 
ovary was in laying condition. The egg record of this bird is given in 
Table XXIX. 

T.^blu XXIX . — Egg record of casein 



a " i” denotes a normal egg. " i— ’’ a dwarf egg, "n” a visit to a trap but no egg, and date Sold alive. 


A record was made of the contents of 16 of these dwarf eggs. Not one 
of these contained yolk, but all of them contained varying amounts of 
chalaza-like fibers, some resembling nonnal chalazae. Thirteen con- 
tained no visible nuclei except the mass of coagulation fibers. One egg 
(laid on August 26) also contained a small lump of hardened albumen. 
The one laid on June 26 contained, beside the mass of chalazal fibers, a 
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small lump of tough membrane resembling shell membrane The one 
laid on June 10 contained what appeared to be an empty yolk mem- 
brane. It will be shown later that a dwarf egg sometimes contains a 
ruptured yolk membrane from which most of the yolk has escaped, but 
this membrane contained no yolk. If it was a yolk membrane, all of the 
yolk had been squeezed out. 

It is of some interest that this bird was a breeder, and the normal 
eggs laid between February 23 and April 22 were incubated. All but 
two were fertile, and 44 per cent batched. It will also be noted that on 
August 26 both a dwarf egg and a normal egg were produced. 

The dwarf egg and nesting records of this bird seem to indicate s<5me 
disturbance of the morphology or physiology of the oviduct, which fre- 
quently but not always interfered with the entrance of a normal yolk or 
prevented its passage through the duct. vSince this bird was sold alive, 
there is no record of the condition of the sex organs. As in other cases 
of dwarf eggs without yolk, it is impossible to tell whether the eggs were 
initiated by a yolk which entered the duct and was then c.vtruded, or 
whether the fibers of chalazal material or [)ther inclusions were ellicient 
stimuli. 


y — EVlDTlNCE FROM THE EGG RECORDS AXD .AUTOl’SY Rl'COKDS OF XOKM.\U 
' dwarf-egg 1 -roducers on which ,\UT0PSIES \vi;hj: pckfokmel- 

Attention has already been called lo the fact that, while occasional 
cases occur where dwarf egg production is due lo a iKniiancni (listurVraticc 
of tlie reproductive apparatus, it is in general not associated with such a 
condition In fact, a dwarf egg may occur at any time in a clutch or 
litter the production of normal eggs continuing as if the dwarf had 
been a normal egg. In these cais the egg records give no hint as lo the 
reason for the production ol a dwarf egg. Our only data are obtamo 
from the contents of the egg arrd the autopsy eva.mnat.on <>< '» JP™' 
ductive organs. Such autopsy records are available for 27 of the p 
dwarf-egg producers, which were appareutly normal at the tune of e 
n odueto of the dwarf egg. In + cases a dwarf egg was found u. the 
dt r body cavity attutopsy. Only one oUhe^ buds ad preen 
ously laid a dwarf egg. In , cases the bird 

the dwarf egg was 'f he 1 1 or ;».nnane.rl 

to 508 days after a dwnrf egg was laid. J hrfo the ^net 

morphological condition of the sex organs of * “ " 
shown by each of these records, 

the time a dwarf egg is produced is s ow j ,yiiliin a few 

autopsies were made while a dwarf egg was m the duct 

hours after such an egg "ns laid. produced 

55853^-16 4 
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ductive activity from strictly nonlaying to fully functional condition 
Eighteen of the twenty showed reproductive organs which were in every 
respect normal for their functional condition. Each of these birds had 
produced a dwarf egg ^ in a regular series of normal eggs and had con- 
tinued to produce normal eggs in regular cycles. These birds either made 
no nesting records, or a few such records were scattered among normal 
eggs, as is frequently the case with normal birds which have never pro- 
duced dwarf eggs. Whether or not these occasional nesting records in- 
dicate ovulations into the body cavity has never been investigated. 
Observations made on a large series of autopsies on laying birds indicate 
that ovulation into the body cavity is not a very rare accident in birds 
with sex organs which are morphologically normal. 

In each of the other two cases also the dwarf egg was produced in a 
regular series of nonnal eggs and normal-egg production continued in 
regular series for months (case 19, nine months, and case 20, five months) 
after the dwarf egg had been produced. Case 19 never made a nesting 
record until eight months after the dwarf egg had been laid. She then 
made two and laid a litter of 1 1 eggs. These were the last eggs produced. 
During the next three months she showed no evidence of reproductive 
activity (neither eggs nor nesting records). She began the last week of 
her life with a scries of four nesting records on successive days. Three 
days after the last of these she died of peritonitis. At the autopsy the 
ovary contained a series of seven enlarged but absorbing yolks and two 
empty follicles which could be certainly identified. The body cavity 
contained free decomposing yolk. The upper part of the oviduct was 
filled with an egg concrement composed of successive layers of coagulated 
albumen formed around a small tumor which was attached by a narrow 
neck to a glandular ridge in the albumen-secreting portion of the duct. 
This tumor was about the sizq of a normal yolk. 

Case 20 continued to lay normally for five months after the dwarf egg 
had been laid. Three nesting records were distributed separately among 
100 normal eggs. The bird then appeared to pass through a normal non- 
productive period of nine days, vShe then laid two eggs. A week later 
two clutches of nesting records occurred. During the next month she 
laid three eggs and made two nesting records. Occasional nesting records 
occurred during the next three months, but no more eggs were produced. 
The bird was then killed for data. At the autopsy the ovary contained 
a series of six enlarging yolks and three distinguishable follicles. The 
body cavity contained lumps of yolk. The funnel and the oviduct liga- 
ments in the region of the funnel were pathological. They were red and 
fluted in appearance. The elongated lips of the funnel in the region of 
ligaments were fused together so that the opening of the funnel was no 
larger than the diameter of the tubular portion of the duct. 

^ Iq one case two and in another three at widely separated dates and each occurrins in a series ot normal 
eggs. 
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At the time of autopsy cases 19 and 20 showed a pathological con- 
dition of the oviduct which prevented the entrance of a nomtal yolk into 
the duct. The fact that these birds continued to be good layers for 
nine and five months, respectively, after the dwari egg had been pro- 
duced and then, by the cessation of normal-egg producUon and the occiir- 
lence of nesting records, showed a disturbance in their nonual-egg pro- 
duction makes it seem probable that the pathological condition found at 
autopsy did not originate until some time after the dwarf egg had boon 
produced. At least it is not safe to assert that a pathological coadilioii 
of the duct existed at that time. 

Of the seven cases of birds which either had a dwarf egg in the oviduct 
or body cavity at autopsy or had laid such an egg a few hours before 
death all had normal sex organs in fully functional condition, luu:h of 
these cases scents worthy of brief description. Case 21 was a ble- 
hatched pullet tvhich did not show any ’ reproductive activity until 
Tebniarv She then made a series of four nesting- records and prodncetl 
the d«arf egg as her first egg. The egg eontamed two small h„„ps „t a 
dark hard secretion and stringy albumen threads vehrdi ooke< ihe 
chalaare. there mas no yolk in this egg. The b,rd mas k.lle, 
rL hours after the egg mas lai.l. She mas in every «av a riorma 
llZav bird The ovarv contained a normal screes of six ™larpng 
^ n d four lar<^e and three small follicles. In the body cavity there 
centtaters ol a serous firm! eon.mning ™lk, Ir. this fluid 
!e found strings of tissue rvhich may have been vrtdhne me.nl>r.tnu 
This pullet rvas then in 

size of a beau. Ihc hitd unit a ^ enlarging volks and four 

The ovary contained fonieles\vere all apparently 

brpe. and four small enipt, . ,.f„at;dnc,(l a 


large and four small cnip tv Tn,a Uodv cavitv contained a 

nonrra! and eurptv oi ><dk ™embraum^ , 

fluid rvhich rvas partlv volk, n .rf„nvardsu. the 

normal yolk was ruptured other s 

duct or body ,te rest was being absorbrxl 

forming the nucleus for the dwsirt 

bv the vrisceral peritoneum. — — " 

. ..I 

. ,i in lUviiui)*-:. Mil 

I A ifint' uescinc rew-U 
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Case 23 had been laying normally. The dwarf egg was the third egg 
in a clutch. This egg contmned a peculiar nucleus. It appeared to be a 
yolk membrane constricted in the middle. One half of this membrane 
was filled with yolk and the other half with a clear liquid resembling thin 
albumen. The bird was killed a few hours after this egg had been pro- 
duced. The sex organs were in normal active condition. There was no 
yolk in the body cavity. Hvidcntly the abnormal yolk was extruded 
from a. follicle which presented no abnormal appearance after the yolk 
was ovulated. Since this yolk was much smaller than a normal yolk, it 
is probable that it ivas formed in one of the smaller follicles. 

Case 29 was killed by the other birds. She had laid a dwarf egg four 
months earlier and had continued to lay until six days before death. At 
autopsy a membrane -covered dwarf egg was found in the body cavity. 
It contained a small amount of very light-colored yolk. The albumen 
was greenish. The largest empty follicle on the ovary was not more than 
5 mm. in diameter. There were a few shiny granules on the peritoneal 
surface which appeared to be remnants of absorbing yolk. Apparently 
the dwarf egg had remained in the oviduct or body cavity for several 
days, as the yolk it contained must have come from a follicle which was 
nearly absorbed. In this case also a part of a yolk seems to have been 
the stimulus which initiated the formation of the dwarf egg, while the. 
rest of the yolk was absorbed from the body cavity. 

Case 25 was a bird which had been presented by Dr. Edith M. Patch 
to the Maine Agricultural Experiment vStation for dissection. This- 
bird was kept at the Station plant for a few weeks. During this time 
she laid several normal eggs, but her trap-nest record was not kept. 
When she was killed for dissection, her sex organs were in a normal 
active condition. The ovary had a regular series of enlarging yolks and 
four empty follicles, two of which were nearly full size. The isthmus 
of the oviduct contained a normal membrane-shelled egg. A small 
dwarf egg was found in the shell gland. This egg contained coagulated 
fibers of albumen which resembled untwisted chalazK. There was 
no yolk or nucleus other than the coagulation fibers. No yolk was 
found in the body cavity. If in this case the small egg had been ini- 
tiated by a yolk which was returned to the body cavity and absorbed, 
the small egg must have been in the duct long enough for the absorp- 
tion to have been completed. The size of the follicles on the ovary 
made this seem improbable. The origin of the chalaza-like bunch uf 
coagulation fibers is not known, It seemed probable that these were 
the efficient initiating stimulus which started the secretion of tlie rest 
of the egg. 

Case 26 died from some unknown cause. In the shell gland a dwarf 
egg was found. This egg contained as a nucleus a small lump of har- 
dened secretion the size of a pinhead. The sex organs were in a normal 



Sept, i8, 


Dmrj Eggs 


i027 

active condition ex^pt that the five yofc or, the’^J^ereTcgi^a, 
to be absorbed, fi here were two large empty folhcles, (The b rd h.”d 

"“I T “ b H f'r “““■ned “ 

yolk. This btrd had ato ovulated into the body cavitv and waa ab 

sorbmg the yolks. Whether or not any of the yolk had entered the 
oviduct and nutated the seaetion and ttien been expelled is not known 
None of it remained in the egg, 

Case 27 was found dead wlierii she had hung herself in a fed rack 
A dwarf egg was found in the shell gland. This egg is shoni, in Plate 
CXni, figure I. It contained two drops of yolk surrounded bv albu- 
men, egg membranes, and a thin layer of shell. The body cavity con- 
tained a yellow liquid which seemed to be a mixture of yolk and scrum. 
The oviduct was in a normal active condition. 


The ovary contained a series of enlarging yolks and ruptured follicles, 
Trom the largest one of the latter yolk was dripping. On examination 
it was found that the stigma or rupture line of this follicle was forked 
at the end. The follicle had ruptured only along the two short arms 
of this forked line. The yolk membrane was broken, but remained 
within the follicle, An examination of the follicles which contained 
the growing ova showed that three out of four of these had forked rup- 
ture lines. The follicles removed from this ovary are shown in Plate 
CXIII, figure I. The last four [c, d, c, / ) show the follicles containing 
complete ova. Follicles c, d, and j have forked stigmata, while e has a 
normal straight stigma. Follicle b is the one which contained the rup- 
tured and nearly empty yolk membrane. It can be seen from the illus- 
tration that the straight part of the stigma is unbroken, while the forked 
part is open. In this case it seems clear that the incomplete rupture 
of the follicle resulted in the bursting of the yolk membrane. A part 
of the yolk entering the duct furnished the stimulus for the formation 
of the dwarf egg. The rest of the yolk was being absorbed by the 
visceral peritoneum. 


c,— evtOENCE IX C.\SES WHEKE A DW.VXF EGG FORMS PART OF A COM- 
POtrXD OR -A DOimiE F.C,G 


a,— COMPOUND RCG or WHICH 0.\'13 P ART 7S ,A DWARF EGG 

Recently an abnormal egg was produced by a bird in the Station flock, 
which gives additional evidence as to the ph\siological conditions and 
nature of the stimuli which may result iu the production oU dwarf egg. 
The shell of this egg is siiown in Plate CXIII, figure 2.^ '1 Ins egg was 
compound, and the two parts were of quite unequal size. The coin- 
ponent which filled the larger part of the shell contained a normal yo k 
in a normal membrane but there was a slight tear m this membrane, 
and free yolk was protruding from this tear. The hole 
small component egg Avas quite small, and little of t e vo a 
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This part of the egg had normal chalazae and thick and thin albumen. 
The other part, which filled the small portion of the shell, contained a drop 
of free yolk surrounded by a thick albumen envelope, which was quite 
distinct from the albumen of the large part of the egg. No thin albumen 
was present in this part of the egg. The egg had been opened by cutting 
and lifting off an elliptical piece of the large part of the shell. When the 
egg was turned out through this opening, only the large part came out. 
It was then seen that an incomplete shell membrane separated the two 
components. 

This egg is analogous to the type of double-yolked eggs where the 
doubleness is visible externally by a depressed ring around the shell, 
and where internally there is a fold of shell membrane projecting into 
the deepest part of the furrow. In such double-yolked eggs the thick 
albumens are entirely separate. It has been pointed out by Curtis (5) 
that such an egg must come about from the union of two eggs while the 
first egg is entering the isthmus, since the formation of the egg membrane 
is a discrete process taking place immediately when the egg passes the 
isthmus ring.^ 

The compound egg described above evidently represents the union 
of a dwarf and a nearly normal egg at this point in the duct. The point 
of peculiar interest is that the yolk for the two parts of the egg seems 
to have come from the same normal yolk. The fact that the small 
component is situated at the end which would have been the pointed 
end of the larger part had it formed a single egg suggests that the dwarf 
egg preceded the normal egg through the duct. It is conceivable that 
during ovulation the yolk membrane was slightly ruptured and that a 
drop of free yolk entered the duct ahead of the main body of the yolk. 
While this seems the most probable explanation of the phenomenon, 
the shape of the egg may have been modified by the presence of a dwarf 
egg following. In this case the yolk may have been ruptured either be- 
fore or after ovulation and a drop left behind may have stimulated the 
formation of the dwarf egg. 

The bird which produced this compound egg succumbed to roup four 
days after this egg was laid. She laid a normal egg the day before she 
died and at autopsy a normal, soft-shelled egg was found in the shell 
gland. The reproductive organs were in normal active condition. 

Two other compound eggs where one component was a dwarf egg have 
been produced at the station plant. In neither of these cases was there 
any external evidence of doubling. The eggs were about as broad as the 
average egg of the individual, but were perceptibly longer (in one case 
13 mm.), so that they appeared very long and narrow compared to the 
other eggs of the birds. There was also no folding in of the egg membrane 


1 Thelnrt that when an egg is entering the isthmus as much accl only us much ot it as has passed in is 
covered with mcmbraac was first noted by Coste ia 1874, and has since been observed by many investi- 
gators, including the authors Cis, p. 106). 
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between the two parts, and thin albumen surmti^ZTTTT 
envelopes, which were distinct In both cases the d™ ‘ ' 

neither case was there any yolk the dwa/e|’’Tor'visii 

nucleusmeach^sewasa.aassofchalaradikeeoag„latedalb„„,e„C 

In these cases also the dwarf egg seems to have preceded the non 
down the ovidnct. The. normal egg appamntly overtook the dw J 
a the end of the albumemsecreling portion of the duct. The origin rf 
he coagula ton fibers, winch apparently furnish the stimulus [or the 
formation of the dwarf egg in these cases, is not known. 

In one case the compound egg was produced by a pullet one month 
after she began to lay. During this month the bird had produced nine 
eggs and nested without laying on eight days. The bird nested without 
laying on the first, third, fourth, and fifth days before the abnormal cg<. 
was produced. The day following the abnormal egg she neither iie.stcd 
nor laid. On the next two days she laid normal eggs. From this time 
on the number of nesting records decreased and the number of eggs in- 
creased. This is the only abnormal egg e.ver produced by this bird. She 
continued to lay well until sold at the end of her pullet year. 

In the other case the bird was about a year old, At the time the egg 
was produced she had been laying steadily for a month and a half. All 
the eggs had been normal. The bird had not laid on the day preceding 
the production of the compound egg. On the following day she pro- 
duced a dwarf egg w'hich contained a mass of chalazadike coagulated 
albumen fibers, but no yolk. These t^Yo abnormal eggs were the first 
eggs in a clutch of five, the three others of which were normal. Tlic liird 
continued to lay for 4}^ months— that is, until the end of August— never 
again producing an abnormal egg. She was sold one ueek after she 
stopped laying. 


/i.—DOUBim BOOS IN' WHICH THE INCiOSEU ECO, AND SOMETIMES .U,SO ThE IMXOS- 
[NO BCG, IV.IS llW.eKP 

A dw'arf egg is sometimes inclosed within a normal egg, or may furnish 
the nucleus of a larger dwarf egg ( 1 o). The cases of this kind which have 
occurred at the Station plant will in the near future be described in con- 
nection with a discussion of double or inclosed eggs. So far as possible, 
the description of cases will be left to a future paper. It seems necessary 
to summarize them here. A dwarf egg inay be returned up the duct and 
meeting a normal egg ma}’ be included with it in a common set of egg 
envelopes. Of more interest to the present investigation are the cases 
where a dwarf egg is inclosed in a larger dwarf egg. 

One case where such an egg was produced by a l>ird with a coiistncted 
ring of tissue in the upper oviduct has already been cited.^ ^ Ihis e.^^, 
the first of a series of three dwarf eggs. (Sec Table XXATll.) Ihc 
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nucleus in each of the other cases was hardened secretion. The inclosed 
egg was a very small- stalked dwarf egg with a hard shell. There was no 
yolk in either the inner or outer egg. 

An egg similar to the one just described but much larger (weight 
32 gm.) was produced by a 2 3^- year-old bird which had laid normaily 
until the end of her second breeding season. She stopped laying about 
the middle of June and showed no evidence of reproductive activity 
until the middle of August. She then began making nesting records. 
On the 23 th she produced the double dwarf egg. A week later she 
was sold. The inclosed egg was a hard-shelled, stalked, dwarf egg 
which weighed 7 gm. The end of the stalk was open. This egg con- 
tained a mass of chalazal fibers and thin albumen. The long axis of the 
inclosed egg lay in the long axis of the inclosing egg. Coagulated albu- 
men fibers like untwisted chalazal were attached to both ends of the egg. 
The mass at the closed end of the inner egg contained a small cluster of 
yolk granules and a small lump of hardened secretion. The outer 
egg had both thick and thin albumen, normal egg membrane, and hard 
shell. 

Four other cases have occurred at the Station plant where a very small 
dwarf egg has been the nucleus for a larger dwarf egg. In none of these 
cases was there any yolk in the outer egg, although in two of them 
there was a small amount of yolk in the inner egg. In each case the 
dwarf egg was covered by an egg membrane without shell. Each of the 
outer eggs had normal egg membranes and shell. In three cases there 
were bunches of coagulated albumen fibers resembling chalazae attached 
to the poles of the inclosed dwarf egg. In each case the bird producing 
the egg was a normal heavy-laying bird and the egg occurred in a normal 
clutch of from two to five eggs. In each case the double egg was the 
only abnormal egg ever produced by the bird. 

It thus seems that in normal birds in active laying condition a dwarf 
egg may be forced up the duct and may furnish the stimulus for the 
formation of a set of egg envelopes in which it becomes inclosed. 

D. — EVIDENCE FROM EGG RECORDS .\ND EGG CONTEXTS 

It has been shown above that in cases of dwarf-egg producers on which 
autopsies were made, both normal and abnormal birds produced dwarf 
eggs only when the ovary was in active coudiUon. All cases on which 
autopsies have been made with a dwarf egg in the oviduct, or within 
a few hours after a dwarf egg was laid, showed large empty follicles. 
Every case but one showed also that a yolk had been ovulated at almost 
precisely the time the secretion of the egg envelopes of the dwarf egg 
began. In the other case the ovary contained a series of absorbing 
follicles, two of which were very large, indicating that both had been 
discharged within two or three days at most. One of these had furnished 
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egg laid within a day or two before death or whn 
,vith great rapidity from the body cavity. U has been It™ tv Jtari 
and Curtis (6, 16) that “yolks and partly or fnllv fotined cgvs mav Ik- 
absorbed rapidly and in large mimbers Iron, the periloncar s.,,- he.. •> 
Previous observations however would not lead us expect ihat w'iiliin 
the normal period of the formation of an egg in the duel the al«,rntion 
of a yolk would be so complete that no trace of it could be found It 
seems probable (hat the sex organs remained in a condition capable of 
response to a stimulus for egg production for a few hours aticr ovulation 
The presence of two large follicles, however, shows that in this case 
also the sex organs were iu the extreme of active condition. 

In case an autopsy was not performed upon a bird which produced a 
dwarf egg the morphological condition and the physiological state of 
the sex organs at the time the dwarf egg was laid can be judged^eason- 
ably accurately by the egg record. In all cases not discussed under the 
section on abnormal physiological conditions a.ssociatefl with dn-arf- 
egg production the dwarf egg was produced within a litter all the. other 
eggs of which were normal. As already shown, the dwarf egg took any 
position in the clutch and litter. In all cases there was abundant evi- 
dence from the egg record that the sex organs w^ere in active condition 
and wxre capable of producing normal eggs. 

In the center of the thick albumen of every dwarf egg examined was 
found some firmer material. In a number of cases this firmer nucleus 
was simply a few coagulated threads of albumen which resembled the 
threads of a normal chalaza. Sometimes the mass of threads has the 
appearance of a normal chalaza, but more often it is an irregular mass ol 
untwisted threads. Such a mass of threads, or one, rareh- two, more or 
less perfect chalaza, is present in nearly all the dwarf eggs. Frequently 
it is accompanied by one or more small slightly reddish lumps which 
appear to be hardened albumen, or by small blood clots, or more fre- 
quently still by a drop or more of yolk. It has already been stated that 
more than half of all the dwarf eggs collected contained some yolk not 
in a yolk membrane, In these cases the yolk is frequently surrounded 
by a membranc-Iike layer of coagulated albumen fibers resembling a 


chalazal membrane. In nivany cases nearly normal chalazfE are attached. 
The contetits of such an egg is shown in Plate CXIU, figure 3. In most 
of these cases there is no normal yolk membrane in the egg, but in a fe'\ 
cases the dwarf egg contained a ruptured normal yolk membrane from 
which most of the yolk had escaped. Beside these, each of a number of 
dwarf eggs contained a small yolk without a germ disk but inclosed in a 
complete vitelline membrane. 
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Table XXX gives the number and percentage of each kind of dwarf 
eggs classified as to the nature of the contained nucleus. 


Table XXX.— Dwarf eggs classified according to the nature of the contained nucleus 


Nature of nucleus. 

1 , 

1 Number nf 

1 dw^rf e££$. 

i 

Percentage ! 
of dwan 
eggs. 

Subtotals 

percent- 

ages. 

Drop of yolk, no yolk membrane 

1 

.10 

1 27 ; 

St. 46 ' 
3-65 
9 - 85 

35 - 04 


Broken yolk membrane witli some yolk 

Small complete yolk 

55 - n 
64. 96 

100. 00 

Chalazal threads with or without lumps of coagulated 
albumen or blood clots 

Total 

274 ' 

100, 00 





From Table XXX we see that 55.11 per cent of all the dwarf eggs 
opened contained a portion of a yolk, and 3.65 per cent contained a 
broken yolk membrane. This fact, in connection with the autopsy 
records already discussed for birds killed while a dwarf egg was in 
the duct or immediately after one was laid, indicates that in at least 
55 per cent of the cases the immediate stimulus to the active duct was 
apart of an egg yolk, the rest of which ivas absorbed from the visceral 
peritoneum. In case 27, discussed on page 1027, the vitelline membrane 
of the yolk which furnished the stimulus was still within its ovarian 
follicle, although part of the yolk was in the dwarf egg in the shell gland 
and most of the rest in the body cavity. In this case the yolk was 
broken during ovulation, and only a part of it entered the duct. In the 
other case it is impossible to tell whether the yolk was broken during or 
after ovulation. It is possible either that the yolk was ovulated into 
the body cavity and subseciueiUly broken and a part taken up by the 
duct; or on the other hand, it may have entered the duct and later been 
broken and a large part of it expelled. 

Parker (10) described an ovum in ovo where the inclosed egg was 
yolkless and the inclosing egg contained a little “yolk substance.” He 
believed that this “yolk substance" was the remnant of a normal yolk 
which had been ruptured and most of which had escaped. This sug- 
gested to him the question, "Is it possible that the yolkless condition of 
the inclosed egg is also due to the loss of its yolk ? " However, he believes 
the evidence convincing “that albumen can be formed by the oviduct 
without the presence of yolk." 

In 9.85 per cent of the dw'arf eggs the stimulus to the active duct was 
an abnormally small yolk which for some unknown reason was produced 
and ovulated by the ovary. These cases apparently differ from normal 
egg production only quantitatively — that is, 111 the size of the stimulating 
yolk. 
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It is seen from Table XXX that 64.96 per cent of all the dwarf 
produced were apparently initiated by the presence of yolk in the diid. 

The presence of almost normal chalaza? in a feu- of the eggs without 
yolk suggests that a yolk may sometimes enter the duct, stimulate 
secretion of chalazse, and then he extruded, lea\nng behind enough 
chalazae and albumen to furnish the necessary stimulation for the com- 
pletion of the egg. 

X -RELATION OF DWARF-EGG PRODUCTION TO OTHER OBSERVED 
phenomena of egg production WPIICH OCCUR IN NATURE OR 
HAVE BEEN EXPERIMENTALLY PRODUCED AND THE COKTRIBU* 
TION OF THIS STUDY TO OUR KNOWLEDGE OF THE NORMAL PHYSI- 
OLOGY OF EGG PRODUCTION 

It has already been noted that five of the six birds on which autopsies 
had been performed while an egg was in the oviduct or immediately after 
one was laid were absorbing yolk through the visceral peritoneum. In 
three cases the dwarf egg also contained yolk. In two of the other cases, 
however, no yolk was found in the dwarf egg, although the body cavity 
contained yolk. This suggested, first, that ovulation or a specific condi- 
tion of the sex organs immediately accompanying it was the essential 
stimulus for the secretion of the egg envelopes by the duct; or, second, 
that such a specific condition being present, the secretion of the egg 
envelopes was stimulated by the small lump of hardened albumen, \vhieh 
ill these cases seemed to be the nucleus of the dwarf egg; or, third, that 
a yolk had entered and then been expelled from the duct. 

That neither ovulation nor any condition of the sex organs associated 
with it is alone sufficient to cause the formation of a dwarf egg is certain. 
Birds known to have ovulated into the body cai’ity for a long lime, due 
either to a morphological, physiological (6), or surgical (16) disturbance, 
which prevented the volk from entering the, duct but did not otherwise, 
disturb the mechanism, did not produce dwarf eggs. Some stimulus 
other than the. condition of the sex organs is necessary to start the 
secreting activity of the duct, In normal eggs and m dwari^ eggs wU 1 
volk this stimulus (mechanical or chemical) is furnished b> tne lo •. 

shown that a complete set o! ^ ^ ^ WddenfeUi used an 

artificial yolk. Tarchanoli used ^ , ,,,,, ,„„rblc or 

artificial yolk of wood or rubber. experiments 

an artificial yolk of agar, have confirmed tins result. 
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have been referred to by one of the authors (5), but have not been 
described in detail. One of these eggs is shown in Plate CXIII, figure 
4, a. The agar artificial yolk which formed the nucleus of this egg is 
shown in h of the same figure. This artificial yolk, which weighed 4.32 
gm., was inserted through a slit in the middle of the albumen-secreting 
region and pushed posterior to the slit. The duct was tied on each side 
of the slit. The morning after the operation the membrane-shelled egg, 
which weighed 14.06 gm., was found on the floor of the cage. 

In another successful case a glass marble coated with vaseline was 
inserted into the funnel, and the funnel was then closed by sewing the 
lips together. On the day following the operation the bird laid a hard- 
shelled egg which weighed 36.17 gm. This egg contained a small lump 
of vaseline as a nucleus. Six days after the operation the bird died. 
At autopsy the marble was found caught in the thread that sewed the 
mouth of the funnel. In this case it was impossible for a yolk to enter 
the duct, since the funnel lips were sewed together. The stimulation 
must have come from the marble or the vaseline. 

Tarchanoff (24) notes that he obtained this result in only i out of 1 1 
cases. The authors obtained a perfect result in only 2 out of 12 trials. 
Three other results were partially positive. In one case the bird was 
killed 24 hours after the operation and the agar yolk was found in the 
upper isthmus covered with a thin layer of thick albumen. In two other 
cases, where the birds succumbed to postoperative peritonitis, the arti- 
ficial yolk, surrounded by a thin layer of coagulated albumen, was found 
in the duct at autopsy. In the other seven cases the artificial yolk was 
either laid without egg envelopes or w^as found naked in the duct at 
autopsy. All the birds used in these experiments were in active laying 
condition at the time of the operation. Two to three weeks after the 
operation autopsies were performed on five of the seven birds giving nega- 
tive results. In two of these the sex organs were in the state to be ex- 
pected in a bird which had stopped laying two or three weeks previously 
and was not approaching a new laying period. In the three other cases 
the sex organs w*ere in functional condition, but no empty follicles were 
found on the ovary. We have noted elsewhere ( 1 6) that "a bird is usually 
not in laying condition for some time after any serious abdominal ojicra- 
tion involving prolonged anesthesia and considerable surgical shock.” 
Sellheim (23) notes that after removal of the oviduct the ovary at first 
shrinks; but since it comes again into functional condition, he believes 
that the postoperative shrinking is due to the severe operation. It seems 
that in the negative and partly positive cases described above the gen- 
eral physiological disturbance due to the operation may have lowered 
the general tone of the organism, or possibly the specific tone of the 
reproductive apparatus, to a point where the duct was unable to respond 
to stimulation in its normal manner. 
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The results show conclusively that in a • 

oviduct responds to a mechanical stimuliistri" 

envelopes. ■ secretion of the egg 

The fact that in a bird approaching a period of hu‘ , 
enlarges as the yolk enlarges has Ion? I ^ ^ 
has not laid for two or three months Li is ^ 

auction period thesexorgans are 

ovarian eggs are scarcely large t 

almost straight thin^valleclTubtLlSt' 

weight when in functional condition.* As* the oL'rL' 

condition, the oviduct enlarges, \rhen the firsf o- ' 

on their final growth periodf the tLSr:; 1" 

ceptible. fiy the lime the first voJk is niatttn. th^ ' r 

...ally in iunctionai co„dni.>„. That this cortiii!;;:”'':, 

the ovary .s shown by the fact that the temoval o! the ovi.l, c m 
mfluence on the development or functional acti.rtv „f the ovar ' ii’ 
No^aliy the ovnduct .s m functional condition o.dv while n.e itn , 
maturmg yolks, The correlation is now common, v attribuled I 
internal secretion of the ovary. Bartdmez (, ) worhmg „„ 
that • mterstitial cells of the ovary show much greater signs nctiiii v i,, 
functioning ovaries than do those in ovaries of birds fliat Iiavc not laid 
for a long time." A fact cited by Pearl and Curtis (16) indicates that Ihe 
connection is not nervous, or at least that it is not com•c^•ed to the oviduct 
through tlic netv’cs. This fact is that after the removal cJ a large part 
of the oviduct any part not removed passes through growth and 
cyclic changes associated with tlie periods of ovarian volk production 
exactly as though the duct ivere intact. Observations made in connee’ 
tion with other researches have shown that enlargement of the oviduct 
is not necessarily connected with yolk formation, althougli this is the 
normal relation. The two classes of exceptions that have been noted are : 
First, certain hermaphrodite fowls have been observed {14) that have ova- 
ries largely made np of stroma rich in coIlrlecti^■e tissue and containing no 
large follicles, and yet these birds had oviducts from one-half to three- 
fourths the size of a functional duct; and^ second, birds with certain types 
of ovarian tumors, but without enlarging yolks, have been obscA^ed to have 
nearly functional-sii^ed ducts, 

These facts taken together indicate that the functional condition of the 


oviduct depends upon some substance formed in the ovary, usually at 
the time yolks are maturing, but in certain pathological cases at other 
times also. This sulistancc is probably an internal secretion carried by 
the blood, since tfie oi'ary can cause the eniargeraent to functional size 
of a small piece of oviduct the normal nervous connections of which have 
been destroyed. The fact that dwarf eggs are produced only %Yhen the 
bird is maturing and ovulating yolks and the fact that more than 50 
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per cent of the trials to induce egg formation around artificial yolks were 
failures suggest that the sex organs must be and must remain in absolute 
functional condition until the egg is completed. 

Loeb (9) showed that the mammalian uterus responds to a mechanical 
stimulus by the formation of the maternal placenta during a definite 
period after ovulation. He finds that during this period the uterus is 
sensitized by the internal secretion of the corpus luteum. We may con- 
ceive that the specific state of the oviduct in the fowl which renders it 
capable of responding to mechanical stimulation, be it yolk or foreign 
body, is associated nuth some quantitative or qualitative difference in 
the internal secretion of the ovary. While from the data given above 
it is possible that it is due to some postovulatioii change in the ovary, 
this seems improbable. We know that in many and probably in most 
cases in nonnal-egg production the duct responds to the first yolk of a 
series ovulated. This response occurs immediately after ovulation — that 
is, there is not sufficient time for a change in the' internal secretion of 
the ovary occurring at or after ovulation to affect the state of the duct. 

An observation made some time ago also has a bearing on this point. 
A bird which had laid three days earlier was selected for an abdominal 
operation. vShe ^vas accidentally killed with an overdose of ether just 
after the incision was made. The oviduct did not contain an egg, but 
the funnel was in active motion first observed. It responded 

quickly and sharp!}' when stimulated by pinching with the forceps. The 
albumen region also responded to this stimulus by strotig peristaltic 
movements. A lo-cin. piece from the albumen-secreting region of this 
very active duct was cut open lengthwise and spread out flat with the 
glandular surface exposed in a warm damp chamber moistened with salt 
solution. Small bits of cork were scattered on the surface in order to 
studv ciliary motion. The ciliary activity continued for ^ hours. At 
the end of this lime it was noted that a very thin film of albumen was 
^dsible on the surface of the mucosa. In this case an isolated piece of 
oviduct responded to mechanical stimulation by the secretion of a very 
small amount of albumen. This duct had not been sensitized by an 
immediately preceding ovulation. The last ovulation had taken place 
four da\'s before the bird was killed, 'rhe. active movements of the 
funnel when the body cavity was opened suggested that an ovulation 
was about to take place. Hither the duct had remained in a condition 
capable of a secretory response for four days or it had again come into 
such a condition with the maturing of another yolk. 

The above-described experimental work and the observations on the 
conditions under which dwarf eggs are produced indicates that mechani- 
cal stimulation of the oviduct results in the formation of egg envelopes 
only under a particular condition of the duct which seems to be associ- 
ated with the maturing of yolks by the ovary. The sensitization of 
duct, if this is the proper explanation of the phenomena observed, 
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apparently precedes ovulation. Further work is necessary, however, to 
determine the factors involved in the specific condition of the duct wliidi 
causes it to respond to stimulation by the secretion of the csg envelopes. 

It would seem from the above considerations that the presence in a 
completely functional oviduct of a small solid or semisolid substance 
capable of presenting a mechanical stimulation may cause the production 
of a dwarf egg. Nearly two-thirds of the dwarf eggs, however, are, known 
to be initiated either by abnormally small yolks or by parts of l)roktn 
yolks. Fheir production may be associated with an abnormal condition 
of the ovary or with pathological conditions of the duct, Init even in 
these eases the result was due not to the abnormality per se but to the 
fact that this abnormality prevented the entrance of a mnmal yolk or 
obstructed its passage through the duel. 

The mechanical stimulus need not begin at the funnel in order to he 
effective to the parts of the duct lower down. In Tarchanod's case {2^) 
and in one of our own cases of perfect egg formation around an artificial 
yolk, the yolk was inserted into the duct through a slit in (he alliumcn 
portion, the duct being tied off above this point. Pearl and Surface (1 8) 
showed that a mechanical stimulation (in this case feces inlroduce<l by 
anastomosing the intestine to the side of the uterus) caused the ionuation 
of shell by the uterus. 

The mechanical stimulation is of local character— that is, it is not 
transmitted down the duct for any measurable distance below the ixtint 
where it is applied. Pearl and Curtis (16) have shown that "the stimu- 
lation of the advancing egg is nccessarvforlhc discharge of ( lie sec re lion 
of the duct, since a duct closed at any level functions only to the point 
where the passage is interrupted.’’ In the cases of dwarf-egg pio- 
ducers with pathological ducts the abnormality of the duct was m eacii 
case of a nature to constrict but not close the lumen of the duct. Sev- 
eral eg^s produced bv these birds contained lumps of yolk, indicating 
that the nucleus of the egg bad passed the constricted portion. 


SUM>L^KY 

(1) During the eight vears from Februar)' i, 1908, b> Fcbuiary i, 
.5 d«rf eg,5S are known to have been „»>ucetl a. .be ponb.y 

plant of the Maine Experiment Station. ^ „roniiclion the 

(2) During the two years of maximum chi a p 

ratio of dwarf eggs to normal eggs was 1 dwai egg 1 , .s- 

Dwarf eegs arc of two distinct types in respect to sta)x-: Krst, 
the prolate-spheroidal type, and second, the c> m 

(4) Dwarf eggs of the P-'f ™ per cent of 
quently produced than the cilmi rica ,p 
the dwarf eggs studied were prolate spheroics. 
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(5) Dwarf eggs may also be classified according to the absence of 
yolk or its presence either as a small yolk in a yolk membrane or as 
free yolk. 

(6) Of the 274 dwarf eggs opened 35.03 per cent were yolkless and 
64.96 per cent, or nearly two-thirds, contained yolk. The yolk was in- 
closed in membrane in only 9.85 per cent of the dwarf eggs opened, while 
free yolk was present in 55.1 1 per cent of these eggs. 

{7) Dwarf eggs with small yolks, while distinctly smaller than normal 
eggs, are significantly larger than dwarf eggs with little or no yolk. 

(S) A comparison of the relative size of the several groups of dwarf 
eggs, normal eggs, double-yolked and triple-yolked eggs furnish a con- 
tinuous line of evidence that the amount of albumen secreted depends to 
a large extent at least upon the degree of immediate stimulation due to 
the amount of yolk present. 

(9) Although the evidence available is not sufficient for a positive 
statement, the shape of the cylindrical egg is probably due to the long 
form of the stimulating nucleus. 

(10) Dwarf eggs with small yolks have indices which are higher than 
those for normal eggs and lower than those for other prolate-spheroidal 
dwarf eggs. This difference in index in the three groups is the reverse of 
their difference in size. 

(11) This ncgalive correlation between the shape, index, and size 
extends the evidence from former researches that the smaller the egg the 
broader it is in proportion to its length. 

(12) Two factors may be involved in producing this negative correla- 
tion between shape index and size : First, the area of the glandular mucosa 
under stimulation at any one time must be related to the size, particularly 
the length, of the. stimulating nucleus (yolk drop, normal yolk, or two or 
three yolks in tandem). Second, the oviduct, which is a tube with elastic 
walls, will offer more resistance to the passage of a large than a small body, 
and therefore when the plastic egg is forced through it by peristalsis it 
will exert a greater elongating pressure upon a large than a small egg. 

(13) Dwarf eggs of each class are exceedingly variable when compared 
to normal eggs. This greater variation occurs in all the physical charac- 
ters measured — that is, length, breadth, shape index, egg weight, yolk 
weight, shell weight, and possibly albumen weight. 

(14) Dwarf eggs with small yolk resemble normal eggs in degree, of 
variability as well as in size and shape more nearly than do other classes 
of dwarf eggs. 

(15) The several size characters show different degrees of variation. 
They may be arranged from most to least variable as follows; Kgg weight, 
length, and breadth. This arrangement is the same for dwarf and 
normal eggs. 
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{16) It is probable that the variation in yolk weight compared to the 
variation in the other egg parts and to the \vhole egg is greater in dwarf 
eggs with small yolks than in normal eggs. 

(17) The interrelation of the size and shape characters in prolate- 
spheroidal ^ dwarf eggs of each class is as follows: 

a. Length and breadth, length and weight, and breadth and weight 

are significantly highly correlated in eggs of each group, 

b. Index and weight are negatively correlated. The correlation is 

significant for dwarf eggs with little or no yolk. 

c. In dwarf eggs with small yolks, yolk weight is highly cnrrckit.od 

both with egg weight and with albumen weight. 

The physiological significance of these correlations is discussed. 

{18) During the last eight years 5.15 per cent of all the birds kept at 
the Maine Station plant are known to have produced at least one dwarf 


*^"(19) Both the actual dwarf-egg production and the number of d^varf 
eggs ^ lowest during the winter months. It increases 

through the spring, reaching a maximum in the early summer. 

(20) In general the season of high normal-egg production is also the 
season for high dwarf-egg production both actual and relative to nonnal- 
etro- production. The maximum of dwarf-egg production, however, oc- 
curs later in the season than the maximum nonnal-cgg production. 

(2t) The production of a dwarf egg is usually an isolated phenomenon 
occurring only once or twice during the life of a bird. Only 3 5 per 
cent of the biids which produced one or more dwarf eggs produced more 

*(krA studv of :dl the egg records and the available anlopsv records 
[or birds rvhich produced one or more dwarf eggs shmvs thaUn most 
Is he disturbance which caused the production of the drvad egg ™ 
rtluporary character and was not correlated w.th a monthologtcal 

dwturbance of the sex organs. u , i 

'(--1 Eleven of the two hundred d«arf-egg producers, hotvever. droned 
ev tee that a perntanent disturbance had occurred. In these cases 
u or no normal eggs were produced after the dwarf egg or eggs, a though 
tteg rrdds mdicate that the ovary passed through normal repro- 

ductive cycles.^ ^ 

sul^UoSathrogircondh'ion of the oviduct winch interfered with 

during the height of the breeclmg season, U ts not 
immaturity of the sex organs. — ^ 

.TI,.M,n.,d,Uior,"^cmT^ t>»« M >*' ' 

small to detoraiinc the dct-Tt'c ol rcUtionrli'P- 
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(26) The popular notion that a dwarf egg marks the end of a period 
of production is without foundation. A dwarf egg is equally likely to 
occur at any time during a clutch or Utter. 

(27) A dwarf egg may be overtaken by a normal egg and form one of 
the components of a compound egg similar to a double-yolked egg except 
that one part is a dwarf egg. 

(28) A dwarf egg after it has received its membrane or its membrane 
and shell may be returned up the duct and be included in the succeeding 
normal egg, or it may act as the stimulus for the formation of a larger 
inclosing d^va^f egg, 

(29) Dwarf eggs are produced only when the ovary is in the ab- 
solutely active condition associated with the maturing of yolks. This is 
true whether the bird has a normal or pathological oviduct. 

{30) When the sex organs are in this condition, a mechanical stimula- 
tion of the oviduct by an artificial yolk may result in the formation of a 
complete set of egg envelopes. 

(31) The mechanical stimulation need not begin at the funnel in order 
to be effective to the parts lower down. 

(32) The mechanical stimulation is local in its effect — that is, it is not 
transmitted down the duct any distance below the point to which it is 
applied. 

(33) Dwarf eggs may be and probably often are produced by the 
stimulation of an active duct by some material particle which is not yolk. 

(34) At least 65 per cent of the dwarf eggs studied, however, were 
initiated by an abnormal small yolk or by a part of a normal yolk. Cer- 
tainly in some and probably in all the latter cases the rest of the yolk was 
absorbed by the visceral peritoneum. 

(35) Neither the absolute time relation betw^een ovulation and the 
ability of the duct to respond to mechanical stimulation nor the nature of 
the connection between the state of the ovary and the duct is certainly 
known. 

(36) It is suggested that the oviduct may be sensitized by some change 
in the intenial secretion of the ovary associated with the maturation of 
yolks. 

(37) It is also pointed out that if this is the case the change in the 
secretion probably precedes ovulation. 
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A collection of d'n'arf eggs vith a normal egg in the center of the group. X 2/3. 





Plate CXIII 







PLATE CXIII 

Fig. I.— Ovarian follicles (h-f) and the dwarf egg a from'case 27. Follicle e has a 
normal straight stigma. Follicles b, c, d, and / have stigmata which arc forked at the 
end. The forked portion of the stigma of b has niptured, the yolk membrane is 
broken and most of the yolk has escaped. Part of tlie escaped ) olk was in the body 
cavity and part formed the nucleus of the dw^uf egg a. X 2/3. 

Fig. 2. — Shell of a compound egg which w as composed of two aibmnen masses partly 
separ'Jted at the level of the seam in the shell by an incomplete egg membrane. The 
larger component contained a normal yolk with a slight puncture in the yolk mem- 
brane. Tile smaller one contained a drop of yolk which apparently eamc from the 
yolk in the other part, a, Outside vie v; of shell; inside view. X2^3. 

Fig. 3.— Dwarf egg containing a mass of yolk not in a yolk membrane , but sepamted 
from the albumen by a membrane-like layer of chalazal threads. Xotc nearly normal 
chalaza?. X 2.'3- 

Fig. 4. — Dwarf egg formed around an artificial yolk of agar which was inserted 
into the oviduct, a, Complete egg; b, agar yolk. X 2, ’3. 




a-CROTOXIC ACID, A SOIL COXSTITl'EXT 

By E. H. Walters and Louis E. Wise, 

Biochemists, Soil-Fertility Investigations, Bureau of Plant Industry 

In a preliminary examination of a sample of Susquehanna fine sand^' 
loam soil from Texas, which was made in October, 1915, bv Dr. E. C. 
Shorey, who was at that time connected with the Office of Soil-Fertility 
Investigations, an unsaturated organic acid was isolated. In a subse- 
quent examination of the same soil by the writers this compound was 
again isolated, and its identity with a-crotonic acid has now been 
established. 

The soil was taken from an infertile spot in a field near Marshall, Tex. 
The infertile spots, which arc devoid of all vegetation, have been observed 
for three years in this locality, and the area of these spots is gradually 
increasing. 

The soil in this district is described as a Susquehanna line sandy loam, 
from 8 to 18 inches deep, with an average of about 14 inches (8).' The 
subsoil is a stiff clay of a red color or red mottled with yellow and gray 
extending to a depth of several feel. The color of the soil is prevailingly 
gray, but for a few inches above the subsoil it has a reddish cast. Be- 
cause of the imper\dous nature of the subsoil, the drainage is very poor, 
and special methods of soil management, with the object of producing 
better drainage, have been recommended and to a limited extent prac- 
ticed. This soil is deficient in lime or other basic material and is very 
poorly drained. It has also been found to have a high reducing potver 
and a rather losv oxidizing power. It therefore seems to present opti- 
mum conditions for the formation and acciiimilation of organic acids. 

In the isolation of a-crotonic acid an alkaline extract was obtained by 
treating the soil with an aqueous 2 per cent sodium-hydroxid solution 
for ZA hours at room temperature. The extract was made shghlh acid 
with sulphuric acid and filtered. The acid filtrate was then extracted 
with ether and the ether extract rcas evaporated to about aoo c. c. and 
shaken up with a concentrated solution oi sodium bisulphite to remove 
aldehvdes or other substuners which combine with this reagent. ^ 

Th; bisulphite solution vas drawn off and extracted several times 
with fresh ether. All of the ether extracts were then comlnned and 
slowlv evaporated to a brown sirup in a snail cr>stallirm„ ds,. . 
this point the dish was coi'cred with a watch glass conttiming ether an 
mirnod at a low temperature on a steam bad,. A 
solid giaduallv sublimed on the ualeh glass. e .i 
was drietl between fd.er paper ami recrvstallmxl^n_^a^etl^ 
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The substance was further purified by subliming several times at a low 
temperature and was dried over anhydrous calcium chlorid. 

The properties of the substance thus obtained were found to be iden- 
tical with those of o:-crotonic acid. The purified soil substance melts at 
72° C., while a-crotonic acid melts at 72“. A mixture of Kahlbaum’s 
chemically pure a-crotonic acid (further purified by sublimation) and 
the soil compound melted at j2°} 

The purified soil compound is soluble in water, ether, alcohol, and 
slightly soluble in cold and more soluble in hot petroleum ether. It has 
a sharp odor somewhat similar to that of butyric acid, although much 
milder. It readily reduces potassium permanganate in a cold alkaline 
solution. In a cold aqueous solution it decolorizes bromin instantane- 
ously, but docs not decolorize bromin in carbon tetrachlorid. With 
ferric clilorid it gives an orange color on the spot plate. In aqueous 
solution it does not reduce gold chlorid in the cold. 

A determination of the neutralization equivalent (molecular w^eight) 
gave the following results; 45.3 mgm. of the soil compound required 
10.43 c. c. of Njio sodium hvdroxid (NaOH) for complete neutraliza- 
tion with plienolphthalein as the indicator. 

The neutralization equivalent was found to be equal to 86.8. 

The neutralization equivalent calculated for crotonic acid (CH^CH 
CH.COOH) is 86.05. 

The soil substance sublimes readily at room temperature, W'hich is in 
accord with the obsciwation made by Bulk (i). 

These reactions and tests on the soil compound and synthetic a-crotonic 
acid were carried out simultaneously and were found to be identical in 
every case. The crystalline fonns -were also found to be the same. Fig- 
ures I and 2 of Plate CXIV show the form and similarity of the crystals 
obtained in the first stage of sublimation. During the process of sub- 
limation the crystals grow into large irregular plates or leaflets. 

Xincty-four mgm. of the acid were obtained from 50 pounds of soil. 
This quantity would correspond approximately to 16 pounds per acre. 
It is obvious from the very unusual properties of this substance that a 
considerable amount would be lust in the processes of isolation and 
purification, and the actual amount present in the soil would be much 
greater than 16 pounds per acre, which is therefore a minimal value. 

The a- and /^-crotonic acids are imsaturatcd and have the formula 
CH3CH;CH.C00H. These acids are typical examples of compounds 
which exhibit geometrical isomerism. Their structures have been dwelt 

* In all cases a slit'hi soltening or sinteriii!: at 69" to 70° was observed, which may be due to the presence 
oi traces oI^-croiORic add. Morrell and Hansen U, p. have shown that a-crotonic acid, when heated 
above its melting point, is partially converUd into ^-crotonic add in amounts varying with the tempera- 
ture. This study indicated the advisability of subliming a-croUmic acid at a low temperature in purifyinx 
it in our work. la order to prevent the ktss of material by sublimation, the melting points were made in 
sealed tubes which wire completely submerged, 
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upon by numerous investigators (7) aiui are represented by the following 
formulae : ' “ 


CH3.CH 

II 

HC.COOH 


CH3.CH 

HOOcl'H 


a-crotonic add 


^l-crotonic add 


Heretofore the occurrence in nature of crotonic acid has not been 
firmly established, and the formation in soils of a compound possessing 
such unusual chemical properties and structure is very difficult to explain. 
Schlippe (6) described an acid from croton oil which had the formula 
C4H6O2 and to which he gave the name “crotonic acid,” but later inves- 
tigations (2) on this oil have failed to show the presence of crotonic acid. 
/ 3 -Hydroxybutyric acid, which is present in diabetic urine, is rcadilv 
con verted into a-crotonic acid by heating either alone or with dilute 
sulphuric acid {5). 

a-Crotonic acid is also produced from allyl cyamd, which is a constitu- 
ent of mustard oil, Kramer and Grodzki {3) have isolated crotonic and 
isocrotonic acids from pyroligneous acid obtained by the dry distillation 
of wood. 

These methods of obtaining a-crolouic acid suggest the possibility of 
its formation in soils during the destruction of cellulose, from j 3 -hydroxy 
acids of the aliphatic series, or by the hydrolysis of allyl cyanid, which 
is found in the essential oils from certain plants. 
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Fig, I. — a-Crotonic acid from soil. X 210. 

Fig, 2. — Synthetic a-crotonic acid. X 210. 
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buigarkum, life cycle of 688-694 

denitrifiruns agile, life cycle of 688-694 

Jlu4)rescms, life cycle oi 688-694 

pneutnemiae, life cycle of 688-694 

radiciaita, life cycle of 688-694 

radiobacier, life cycle of 688-694 

tumefa n et i j , cause of cro w n g all 175 

Baker, A. C., and Davidson W. M. (paper) 

Woolly Pear Aphis .351-560 

Baker, A. C., and Quaintance, A. E (paper) 
AlejToclidac, or White Flies. Attacking the 
Orange, with Description of Three New 

Species of Ktonomic Importance 459-47: 

Banana, See Musa sp. 

Ba^Ie5^ Sec Hordcum lulgarc. 

Bean, kidnej'. Sc-e Phaseolus vulgaris. 

Bean, Lima. See Phoseoltes lunatus. 

Beef tallow, amount of stearic acid in the in- 
soluble acids of m-n» 

Beet— 

.See Bela vulgaris. 
sugar. See Beta vul ga ris. 

Beetle, Striped cucumber. See Diabrolica 


viltafa. 

Ucmisia gi ffardi, description of 469 

Br(c vulgaris — 

dry and wet pulp of, in ration, effect of, on 
milk 1:4-175 

host pkmt (if Cl T(ospl^Tll hehiola 21-60 

Black rot— 

caused by Fusiiriutii radifkola 304-305 

control of 30R 

Java — 

552-553 

description of.. 550-551 

of Solanunt iuberosiim, description of 297-299 

Bdn'hrsp.— 

comparison with RItreopus sp 365-366 

results of infection of P'ragaria sp, by 362-363 

Brasska — ■ 


napus — 

chemical examination of silage of .531-532 

effect of carbon bisulphid on growth of , . . 10-21 

experimental silage of 528-531 

silageof, analysisof 529-530 

oleracea, host plant of Sclcrotium tolfsii 55V 

Briggs, L. J-, Jensen, C. A., and Mel^ie, 

J. W. (paper) Mottle-leaf of Citrus Trees in 

Relation to Soil Condit ions 721-740 

Brocfevwaa sp., a parasite of Uypcraspts bi- 

nctata 202 

Buckles’. J. P., jr., Ilollaiid. E. B., and Reed, 

J.C, (paper) Determination of Stearje Acid 

in Butter Fat — loi-ii,-. 

Buckwheat. See P'agopyrum. /agopyrum. 

Burlison, W. L (paper) Availability of Min- 
eral Phosphate for JMant Nutrition 485-.5!4 

Butter- 

cold-storage— 

api)aralususL>d (or testing 931-0.35 

progressive oxidation of or :-<>s: 

fat- 

amount of stearic acid in the insoluble 
acidsof. ao-ni 
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Butter — Continued. Fane 

fat — conliiiued. 

detemiinHtion of stcHric acid in ioi-]i3 

exposed to large surface of air. oxidation 

0 * 

oxidation of pure 

in storage, effect of cream aciditv uixin 

composition of air in 

Buttermilk exposed tu tarne surfatt; nl air, 
oxidation of ■/47-ojS 

Cabbage, See Bretsska okratca. 

Calcium and magnesimii conifwunds— 
experiments on, effect of, on plant growth 

influence of, on plant growth 

California Green I^acewing Fly (paper). . . . 5t5“5>5 
Calorimeter— 

accuracy of, tests of 718-720 

respiration- 

construction of . . 

partly automatic, for the study of me- 
tabolic activity of small inagTiitiule . 703-720 

Carbonates, conversion of, ill soil. , . j(ir8-866 

Carbon bisulphid— 
effect of - 

on activity of soil organisms 4-5 

onnitratecontcntofsoil 4-5 

on number of soil organisms 2-4 

relation of, to soil organisms and plant 

growth j-20 

Carter, E. G., and Greaves, J. E, (paper) 
Influence of Barnyard Manure and Water 
upon (he Bacterial Activities of the Soil, . 8Si/-(7.'6 
Castor-oil plant. See Ridn us com.>mtn is. 

Cattle— 

Ayrshire — 

color record of progeny in 14-7-147 

experimental color crosses 10 i j4-r.)5 

results of various matings 144 

sex-limited color in 141-147 

digestibility of hard palates of t4i-<J48 

Ceraiiiis rti{>ilala, effect of — 
cold-storage temperatures upon the pupa: 

of 4!1-26 o 

refrigeration upon the larva' of r.y-ifo 

Cercor/'or<i btikeh— 

climatic conditions as related to ::-oo 

effect of— 

desiccation on 45-46 

temperature changes on 4t>-,s.3 

infection cycle of 54-.'; 5 

overwintering of -’i-jo 

TclatioJi of summer ebmatie conditions to. . 30-55 

suiumcr infection cycles of 3t>"5S 

Chaiiophorus /ic{rundinis, host of /! 

m€fidknalis • . 884 

Cherry- 
Sec Prunttr spp, 
wild. See Prunns spp. 

Cholera, bog , scrum for .3.>3-3 jS 

Ckorkagroiis aunliaris— 
atmospheric temperature duriin; loijHisi- 

tiou S77 

cage experiments on 873-S74 

desaiption of egg of 877 

duration of— 

egg-laying perioil of 876 

incubation period of 87S-879 

larval iced in g of , i n spri n g R<«o 

egg-laying habits of. in eonl'inemem 877-878 


Chcmaortidi aaxrl/am— Coiitiniicil. Page 

field observations on, in 1515 874-875 

hibernation of 879-880 

larval feeding of, in l he fall 879 

number of— 

broods of ggj 

eggs laid by g.g 

observations on- 

egg-laying habits of 875-877 

life history of .8-1-881 

lirevious experiments on 871-873 

pupation of, and emergence of aiinlt': ... ggo 

Ckrysopn (alifernka— 

distribution of ,,,5 

hibernation of 

host, insects of ; 16-517 

life history of -17-524 

natural enemies of 524 

seasonal history of 524 

Cigarette beetle. See Lusiodcrmu nni(<>r/ti . 

Cirrcmlla sp., effect, of heat m i ?5, 1 59, 161 

Ckpliis unipuncta — 

comparative study of amount of food eaten 
hy parasitized and nonparasitlzcd larvae 

4.55-458 

description of — 

808 

larv'aof 808-81 1 

pupa of 8 j2 

generations of 799-800 

host insect of A panicles mUilaris 455-43S 

life-history studies of 799-814 

molting and feeding habits socr-So3 

Ctirullus :ui(iitris — 

host plant of JBplcdia iuhenoda r_;j 

stem-end rot of 14^7-152 

Clines — 

flurardiK?)!, host plant of Cilruscanker 69 

host plant of Aleyrodidae. 

dccuirana, host plant of Citrus canker 69 

limilto, host plant of Citrus canker ;c 

leaves, chemical changes in, brought about 

by Citrus cankcT 88-94 

medka, host plant of Citrus canker 7c 

ncbilts, host plant of Citrus canker O9 

trees, motik-lcaf t,i, in iclatinn to soil con- 


Irii'ohati), host plant of Citrus ca' 
Citrus spp.— 

acidity oi 

analysis 0: soils from orchards oi 
host plants of— 

A leurolltrixus /loctV'.'ii .i 

Diplodic sji , 

Trt(3/c(<f<VM/?er!i,'c)i .-.J ., 

Citrus ranker- 

agencies concerned in dissemina 
cause oi chemical changes in lea' 


control of 

economic import.mee t 

etiology of 

history of 

host plants of 

pathogenicity oi 

relation oi acidity to n 

symptoms of 

CitnisCankcr (paper).. , 
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L’age j 

Climatic Conditions as RelaU'tl to Ceri'osijora 

Bel i cola (paper) :i-6o j 

Climate, effect of, on the bs'drocyanic-acid i 

cotJlent d sorghum j 

Clover— 

alsike. S^Tnfoliu)n hyhridum. i 

crimson. Sec 7 'ri/dMnit ittftirnn/KiH. j 

red. $>eeTTifoliitin praknse. \ 

spotted bur. See Medteaco Qta'’u\i. 
toothed bur, Sec Medicasi^ kisl^idt} lUnlii u 
lata. 

while sweet. See Meliiitlus alba- 
white. See TrifoliUMfcpfnsc. 

Coad, B. R., and Howe, R. W.(i)Ji)cr> Insect 

Injury to Cottem Seedlings i .'y-140 

Cc'iiofcta wtj'Vrfl, host plant of .-l/cttrc.'iirnu.v 

ftiXCOSUS 466 

Cc/fra arabfVtt. host plant ui Dt«fc«rcd< .( din . 469 

Cnhl storage temperatures, effect of, upon 
the pupre of the Mediternincaii fruit fly. . r5i-:6o 
ColUIvlrichum !oi)enaiititt!, cause of water- 
melon anthracnosc 

CoUms, G. N (paper) Correlated Characters 

in Claire Breeding ... .t ? W454 

Cd.>i-ada- 
fsciiknta — 
host plant o; — 

Di{>todta Itthatidi! .>.st“,S 5 l 

rusariuni-iolani. 

Furariiojt sp 534 

Rkizopus»dri(a»i is-i 

inoculation esporimeiits with !hf!odta 

sp.,on S.tt-s.s.' 

niiTicii, inoculated with DibCdia tuh'rii.'U! . . s.sj 

Color, sex-liuiited, in .Ayrshire cattle t u-i tl 

Comparative Study of the Root Systems am! 

Leaf Areas of Com and the Sor.ihums 

'■paper) ?t 

Comparative Study of the .\nKjim !'ood 
l-aien by Parasitiziil and Xcup : i/cd 

Larvfc of Cirtdus uiiipunct.r 'paiXr 433-. r: 

Concrete slab, reinforced — 

dnscriptioa of. used in tests ;o.s-j3 

effective width of . . j;o6--'c 

load-applying apparatus for testing, . . co:-:'o 

method of test in; . .•09-’ i 

results of tests oi . 

test of. under tuiicent rated loadin'; — taw-’s 
Control of the Powdery Pryrot of PotaitK's 
Caused bv I''usariuin iriehothei ioides 

(paper) Si7-"< 

Coolej-, R. A. (paper) Observation^ nn ihe 
Lite History of the .Anny Cutworm. Clio- 

ri7.agrotis atixiliaiis S:t-.s“ 

Conotrackdus nenuphar, parasite i>t '.tr-Ss 

Coi-ti— 

cc-mparison of the mot s/stenis and leaf 
areas of, with sorghum .311-43 

water requiranent of 473-1'. 

See Zfo mays. 

Correlated Characters in Maire Breed in; 
f paper) 

C at ton seedl in ;s , in sect i u j sir V 1 0 1 --g- r .; 

Con on . See Go n>'/> I w >n sp J) . 

Cowpea. See Vijwa ca‘jang and I'icho .'o;.'!!- 
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Crabappie, See .IfafiAS sp. 

CralaefTUs Sp,, food plant of Ornix stminatella . 794 

Cream acidity, effect of, uixin the composi- 
tion of air in butter in storage — 0.34-937 

Creatin anrt creatinin content ol muscle, 

changes in, during aseptic aulotysis 540 

Creatin, muscle, effect of autoh'sisupon, . . 535-347 

CrePidodcra cnintJncrir, agent in spread of 

bai’t Will wilt 4t9 

a-Crotonic Acid, a Soil Constituent (pa* 

per) io43'io4^i 

Crowngall Studies Showing Changes in Plant 
Structures Due to a Changed Stimulus 

(paper) I79-IS4 

scrfi:-ui— 

host plant of Bacillus tracheipkUus 417-434 

host plant of Furarinw roificiVo/fl 299 

Cucurhits, transmission and control of bac- 
terial svilL of 417-434 

Curtis, R. W.p Scofield, C. S., and Headley, 

F. B. (paper) liffeet on Plant GtowUi of 

Sodium Salts in the Soil S57-tt69 

Curtis, M. R,, and I’carl, R. (paper) Studies 
of the Ph^'siologi' of Reproduction in the 

Domestic Fowl. XV,— Dwarf Eggs 977-104: 

Cushman, R. A. (paper) Thersilochus cono- 
trachcli, 3 Parasite of the Plum CurcuUo. .Syr-Sjt! 
Cutworm, army. SeeCAocrrOiirof/r ou.vi/iorir. 
Cycles, life, of the bacteria f'7.s“;o! 

Davidson, VC. M., and Baker, A. C. (paper) 

Woolly Pear Aphis 351-3(^11 

Duvis, J . J. (paper) Aplddoletes meridiondUs, 
an Important Dipterous Enemy of 

Aphids ;<s.:-sSs 

Davis, J. J., and S:il terthwait, A. F. (paper) 
Life-History Studies of Cirpbis Uiiipunrta, 

the True Army Wonu 7S>g-Si-' 

j Ueteiminatiiui of Stearic Acid in Butter Fat 

! (paper) toi-ii: 

Dextrose, fenucntnig, cfTeet of, ou availabilns' 

of pbosplior us in rock phosphate lor-io; 

Duihrt’fiVii— 

ilucdrcimpufu lata, agent in spre.id nl bade- 

jialwilt 417 

illala , agent in spread of I '.;et eii I w i [t . . .j; : 

I />:c.leur<.\{cs~ 


desenption of 

I paiasiteof— 

C^iTcd aril f' I 111 ■■■■ 

i Idosp'.ros ~ 

, i'uhi 

I rirshii'afa 

I ricit.i i.'ifiuh 

I Gnriffti iti jD.iujiit'itt,- 

Idguitruw spp 

hfelia arr'Jeraik 

•Syrmyrt sp 

, ih ifolii— 

description of •‘‘'i 

parasite of I'uus vilida 

/behnea— 

•nicthartslis traTtifurfinVer, ilescriptlon of. • 
spp.p lan'al characters and distribution of. •"■-'i 
cffli'idriffl, description of O.yt 
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Digestibility of Haril Palates of Cattle 

(paper) 

Digestibility of Very Young \ cai (paper). , s 77 - 5"8 
Digestion experiments, methods of, with hard 

palates of cattle 

Diospyrns— 

kaki, host plant of DtaUurodcs citri ifig 

I’frjmifliia, host plant of Dicleuro<ies: dtri . . . 4 O 9 

DiploJia — 

sp . , para site of iV/a « if i/era mtf t ce ? .i i 

eossypina, paiasitc of - 

Aloatsiaip .s.S.S ''.556 

GossyPium spp jri 

vta^lurae, parasite of 7'o:iylon poml/cruni, . . 551 

tuhericola — 

inoculation experiments ■with.. 5 .S 3 “i 56 

moisture requirements of 567 

temperature requirements of j 67 - 3&8 

parasite of — 

Citrullus vttlgaris 152 | 

Colocasia sp 551 ! 

Ipotnaea halalas .^.^o i 

Xanihosoma sagittifolmm 555 

<iart«/eda, cause of internal rootrot of Thea 


Effect of Water in the Ration on die Compo- 
sition of Milk (paper) Ui;-i7,S 

Effect on Plant Growth of Sodium Salts in the 

^Soil (paper) ^,,,^65 

Efig aiol Manner of Oviposition of Lyctus 

pliinii'ollis (paper) -Tj-j-t 

Egg- 

dwarf— 


description of 121-325 

habits of . 125-127 

parasite of Liotco/vr/nr r . . . 121, 12&-127 

labiaia — 

description of 3 1 5-1 21 

habits of 120-1 a i 

parasite of Sapi'jiia IruhmUiUi . 315 

Disease of Potatoes Known as "Eeak ' 

(paper) e2 7-<J4o 

Disiiifectiou of Sulununi !ubtTti.mm before 

storing. 827-Sji 

Dorset, M. aud Henley, R, R. (paper) Pro- 
duction of Clear aud Sterilized Aoti-Ilog- 

Cholera Scrum .133'338 

Dri’rot, powdery, of SefjHiint lit/ieronijn— 
in storage, effect of humidity on de\'ek4> 

meat of S26-R27 

ciiiised by Fufarhtm truhvlliccuiu/' s, con- 
trol of 83 7-,g32 

relationship of temperature to di vclop- 

men t of S^.\5->:6 

source of the organism causing Sr.i-.S '5 

Dyer, D.C, (paper) Progressive Oxidation of 
Cold-Storage Butter 527-052 

Kars, short. >Tendclism of, in sheep 707-798 

Effect of Autolysis upui Mu.seic- Crcaiin 

(paiKT) .v<.:- 54 T 

Effect of Certain Species of Eusarinm on the 
Composition of the Potato Tuber (j>ntH’T) 

Effects of Climatic Factors cn the Hjilio- 
c\Miiic-,\ci<l Content of Sorghum (iiapiT) rri-.'r' 
Effect of Cold-Storage Tempo raturas upon the 
rup;c of the Mediierraueaii Emit Tty 

(paper) 2JI-.-0; 

Effect of Pastciiri/ation oti Mold Spores 

(paper) i5-3f.*.-> 

Effect of Riintgen R.-iys on the Tobacco, or 
Cigarette. Beetle aiiu the Results of Experi- 
ments with a New Eorin of Rdntgen Tube 
(paper) 


characteristics of albumim and shell of, 

classiru'ulion of , 

comparison with normal egg y 

conditions affecting production of, . , jo 

freriuency of ocnirrcnec of lai 

production ol— 
relation of— 

age of bird to ,r 

to other phenomena of eg^ prodiic 


lairiiion in clutch to tsi — 

position in litter to loo;- 

sizeand shape, relations of.. gSi- 

by birds with normal and pathological 

oviducts. . , ! I'jof,- 

phi'siological conditions and slinmii 

which lead to tois- 

normal— 

eoiuparison with dwarf eggs i,;;- 

Elin horcr. See .‘iapfida triduntai,!. 

Enlows, E. M, A., and Rand, E. V. tpaper ' 
Transmission and Control of Bacteria! Wilt 

of Cucurbits 4,7 

Fpilachna hcrealis, agent in spread of bacterial 

wilt 

Ertesotno— 

lani<}eru»i, c()ini>arison with E. /■.ir/V.'/.i 
pyncnla — 

biology of 554 

description of. , jj.s 

habits of 5 ji 

history of 

spread of 

Errata 

VIST! /usi-uium, host insect of tiy- 

ig; 

Eulophns /iiiriJ/iii ta, parasite of Omh gt-tni- 


HmC, ii/i’yni!-- 

liic history of ..,70-37.? 

parasite of Mayetu-’la i/fv/ruc/or 3 'ir-,t :.3 

Evv.ird, J M,, Eind Lamb. R. (paper) 

Rape as Material for Silage 527-533 

Exi>crimcnts with Clean Seed Potatoes on 
New Land in Southern Idaho (paper) . . . 573-575 

Fi3i«>)>3rw?)i /ti.’cA'.irizw, effect of carbon hisul- 

phiri on growth of 7-11.14-1O 

Eertilircrs, effect ol. on sterility of spikclcts of 

'/'rd.vMiiispp 242-24.3 

Fii ,'14 nr.'iJ.:— 
host pi, ml of I htdi unttki— 


(ifri/dii. . . 

Eifldrot. occurrencein potato tubiT 

Fir, Doiicl.iS, See Pjcudoisuaa iaxif-dia. 
Flea beetle. Sec CrtPiJoderc cuiumeris. 
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Ply, M«literrancaii tmlt, See Ceraiitif c^p;- 
Uila. 

Food, cojiipaTative study of amount of, eatt ii 
by parasitized and nonpaiasitUed l.irvrc of 

CirPhisuniPuncia 

Ford. A. L., and Merrill, J, H. (paper) Life 
History and Habits of Tss 0 K en' N'cmat wlcs 

Parasitic upon Insects 115-127 

Formaldehyde, treaUnentof mosaic virus with 658 
Fowl, domestic, studies of the physiolosy of 

reproduction in l!ie. 077-1042 

Fragaria Sp,, pathological histology of, af- 
fectetl by species of Botry tis and Rhizopus 361 -366 
Fred,E. B. (payer) Relation of Carbon Bisul- 
phid to Soil Organisnis and plant Growl li . 1 -?d 

Fusarium — 

cavdatum, isolation of. 566 

cncfu/eum, parasite of SoIowkw fMfcero- 


I.S. 3 . I 


-tSj 


effect of certain species of, on the composi- 
tion of the i»otato tuticr iS3-t(}6 

oi>-.sy?(»rivm— 

causal organism of potato wi It 573 

isolation of 5(16 

parasite of ioJiiJiKw Hihctiisum 

radicicoh^ 
causal organism C)f— 

jcll3--end rot. ja.s-.mh 

blackrot o04-30ii’ 

western field rot of UchDu »t iubtri}>:i»t . 

distribution of c'jrj-^oo 

ceonomie importance of .-<;r>-3oo 

field inoenlation of /Mfx're.vuw 

■witll oO:-ji 4 


Page 

( 7 iifc 7 i'nj(i jmmi/ioideh', .host plimt of Wolrw- 

rodes citri 469 

Gas, exchange of, determination in calo- 
rimeter 70S-70& 

Ccranium, Sec Fclargon i« w spp. 

Gibbs, W. M,, and Gainey, P. L. (paper) 
Bacteriological Studies ol a Soil Subjected 
to DiCerent Systems of Cropidng for Twen- 
ty-five Years D 53 -D 7 S 

Glyi.ine hispida., analysis of, for phosphorus ... , 494 

Goldbcck, A. T., and Smith, E. B. (paper) 

Tests oi Three Large-Sized Reinforced-Con- 
crete Slabs under Concentratwl Loading 205-3.34 

Gonidia, fonnation of, in cultures 694-69f) 

Co«v/>mwspp.— 

character of injury to, hj''iiiscets 139 

characters in brcctUng 43S“4j6 

comparison of day and night injuries to. , 130 

effect of— 

deformity upon fruiting of 

insect injury upon plant s of 1.16-13R 

fi eld ob sc real ions of insect injury to. . . 1,32-1,35 
host plants of— 

Diplodiafipp 152) sSt 

Sdcroiium ndfni 559 

relation, of climatic factors to insect injury 


of . 


• 131* 


inoculations of .S. /.nnrsi Uibcr 
in laborat.nry ..... . 

parasite oi — 

Cucunih itti'.ui 

IjKniicicabataiii^ .... 

'.non 

redoh ns, isolation of — 


v.iih. 


p. nil sire of— 

X an (kosi'ina saaitiifdiu m 538-559 

temperature requirements of =65 

trkholhedoidcs— 

causal organism of powdery-driTot, 5.7,5. Sit-S.u 
effect of planting seed infected w ilb .... <S.’3-S2.r 

parasite oi .h'ci/oirw ni inberosuw 2()S 

parasitism of Siy^.Hri' 

sp.— 

causal fireanism of jellj'-end rot 573 

effect of— 

heat on i.r.r, 159, 161 

on Cdwasid sp 557-5:8 

parasite ol — 

Afcrarfasp 535 

Cni< iffi 'Its c'fiifii! (a 

edmusiou w ith or ganisjiis causing . . . 6.),6 

Gainey, P. L.. and Gibbs, IV. M. (paper) 
Bacteriological Studies of a Soil Subjected 
to Different Systems of Cropping for Twen- 
ty-five Years 9S3'!>:5 


j Grantham, A. lb. and Groff. F. (paper) 
i OccutrcnceofSU-rileSpikclctsinWTicat. . 535-: ,<o 

• Grapclmit, See (/i rMv:a)iu. 

' Grayrot, yiowdery — 

I eimseof 5=1 r 

j rie.-iCtii)ti(in of ,55&-55'.' 

' inoculation experiments with 55T“S,=^' 

I Greaves, J. E- (paper) Stimnhiling Intincnce 
ol Arsenic upon the Nitrogen-Fixing Orr;an- 
! isins of the Soil 3f'9-j 

• Greavci-. J. L,, and Carter, E. G. (paper) 

Influence of Barnyaui M.imire and tVater 
upon the Bacterial .Activities of the S<nl. .‘'Sy'vj'^ 
; Greff, F., and Granth-tm, A. E. (paper) 

! Orx-urrcnce of Sterile Spikclcis in Wheat . 2,55-25: 
^ Guaiaiuni o^hanak, host plant of .4f''urc>/Ji- 

firuj >i<3rr:>,;iis jC'i 

i Guava. See P.utf)U7« {?«n7o:!7. 


Hard palates of cattle — 

mctliixf of cooking 641-^42 

; digestibility of 641-647^ 

j Hariln.gtou, G. T. (paper) Agriailtural 

! Value of Impermeable Seeds 761-79" 

i Harter. L. L. (paper) Storage-Rots o( Eco- 
nomic Aroids 

i liasenian. I,, (paper) Ornix gerainatcHa. tije 
j Unspotted Tentilorm Leaf Miner of Apple sV?')'’' 
j Haw, See Cralacgursp. ■* 

Hawkins, L. A, (paper)— 

Effect of Certain Species of Fusarium in 
I he Composition of the Potato Tuber. . i>3-n>6 
ThcDiseaseol Potatoes Known as “Leak” o.'7-6.>o 
Hay, meadow, growth ol, in Rock Creek 

region. 7S6-7V 

Headley. F. B., Curtis, E W., and Sixifielcl. 

C. S. (paper) Effect on Plant Growth of 
Sodium Salts in the Soil. 8,":-869 
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determination of, in calorimeter 710-718 

effect of, on nitrogen-6xing power of soil 

containing arsenic 409 

Henley, R. R., and Dorset, M. (paper) Pro- 
duction of Clear and Sterili4ed Anti-Hog- 

Cholera Serum 333-338 

Hessian Ify— 

parasites of, life histories and method of 
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See A^oK^^l^/a datrucutr. 

//c'jcaSpp., host plsihts of Dijjfctifa Kpp 133 

Hoagland, Ralph, and McBrydc, C, N. 
(paper) Effect of Autolysis upon Muscle 

Creatiii 

Hog cholera , scrum for 333-338 

Holland, li. B,. Reed, J. C., atul lluL-kley, 

J. P, ir. (paper) Determination of Stearic 

Acid in Rutter Pat 101-313 

Holloway, T, E. (paper) Larval Characters 
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Holmes, A. D., and Langworthy, C. P. 
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Digestihiliti^of Hard Palates of Cattle O41-648 

Digestibility of Very Young Veal. 577-388 

Hordeum^ 

i'ulgurA, host phtul of PKccrnici f7fa7?iiH(r. , S13-S13 

ratfiTUTO Aero sJic/ion, analysis of 454 

Hotve, R. W,. and Coatl, B. R. (paper) 

Insect Injury to Cotton vScedlings 139-140 

Hyaltiplemis priini, host of AphidoUlcx 

vundiortalis Saj 

Hydrocyanic acid- 

distribution of, inSmqhum irulgare 

in sorghum, effect of thiaatic factors ciu . . 3711-273 
loss ol, efiicicncy of alkaline preservative in 

preventing 26 j-?7)-, 

Hydrogen jicroxid. trcafuiciit of virus of mo- 
saic disease w ith '')55-7>3T 

Hygroscopic ccR'iTicient — 

audmoiMuTeeciuivalent, ratio of ,833, ,c.to. sp 

use of die moisture enuivideiit for the in- 
direct detennin alien oi S.i3*846 

Hyperaspis binotata, a Predatory Enemy of 

the Terrapin Scale (paper) 197-304 
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distribution of igS 
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hosts of lr>S 

larval instars of 3;i 
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description of 277-27S 
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parasitism of 2,s*>*283 
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764-765 
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Jensen, C. A , McLanc, J. \V.. aud Briggs, L. 
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lail(;ri to Soil Conditions. T-'i-TAc 
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Lurviil Cri.iuu'tcrs and DiAiriltulion of Two 
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Lciif min, I of apj>le. tentiiorm 2S9-296 
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Life-History Studies of Cirphis uaipuncta, 

Uie True Army Worm (paper) 
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lapulinn , iinpenncable seeds in 7b> 
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life history of 373-377 
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Merrill, J, II., and Ford, A. L- (paper) Life 
History and Habits of Two New Nema- 
todes Parasitic upon Insects 115-127 
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Milk, effect of— 

dry and wet beet-pulp ration on. . 274-175 
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equivalent— 

concordance of values (i.t 843-844 
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effect of pasteurization on isj-nSO 
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.Merw sp., host plant of marlaui 4W1 
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infertivity oi virus of 65,o-6>5J 

filtration experiments with the vims of. . 649-652 

precipitation of ilievirus of 652-654 
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Iresiljiieiit pf the vims of 655-657 
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dried, treatment of, with solvents 659-662 
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infectivity of. after digeitii.n 661 

results of inoculations will: '*60 
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disapixarauce of peroxidase in, ■without ; 

loss of infectious properties , , , , 667-668 j 

effect of — I 
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low temperatures upon 667 1 

dilution upon infeclivity of 669 j 
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infectivity of ] 
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with, formaldehyde 658 
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hydroxid 662-665 
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(iistribulion of ■ - 721-722 

factorseausing 7^^723 

Geld survey of 723*723 

results of soil analysis iu cases of . . 725*733 

Mottle- Leaf of Citrus Trees in Relation to 

Soil Conditions f paper) 721-740 

AiuKTrsp-ieffcctof heat on.. i55)i59(’^r 

AJusa sapicniuTn, host plant of Ftisarium 

radiciccla 299 

Mustard. Seeiinii^>ii ciia. 

Myzus pcriicae, host of APhidoleUs mcridio- | 

ndL &3.1 I 
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Nematode, parasite of insects 115-127 
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effect of iutm f^iicns upon i^o-iSi | 
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case of 649-674 ■ 

Nitrate- 

formation of, in soil. ■ 961-968 
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alkali soluble and soluble nonprotein, soil ‘ 

analysis for 65 ; 
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effect of carbon bisuliihid on ■ 4-.i 

soluble nonprotein .. . — 61-04 

Nonfats, oxidation of 941-948 

Norton, R, P , Wright, P. A . Turner, Wh F , 
and Shaw, R. II. (paper) Hffeet of Water 
in the Ration on the Composition of Milk . 167- 17> 

Oats . See A -'en a sair-a. 

Observations on the Life History' of the Army 

Cutworm, Chorizagrotisauxiliaris (paper) S71-8S1 

Occurrence o( Sterile Spikelets in W heat 

(pai;«T) =^5-2.30 

OWriim iai fir. effect of heat on ’35 

Okra. See Uibisius {scu!(if!it! 
f.)rangc. Sec CibwJ spp. 

Organic matter— 

in soil series, percentages of 65S.541 

percentage of, in Nebraska are.is S?'' 

Organism, nilrogeii-rishig, stimulating in- 
fluence of arsenic upon .i8!r4:(i 


Omii seminaUlla— Page 

brooding habits of 293 

control of 294 

distribution of 2S9-290 

host inseit of— 

Eulophus tineatkoaa 295 

Symfiusis— 

dolichoeasler 295 

meieori 293 

nuirifcmora 295 
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life history of . 290-293 

parasite of .Wainj: sylvesUts 269-296 
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Ovipositiou— 

of Lyctus planicoUis 273-276 

of Thersilocliiis cmiotrachdi 85c 

(Jviposition of Megastigmus siiennotiophus 
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Oxidation, progressive, of cold-storage but- 
ter 927*952 

Packard, C. M. (paper) Life Histories and 
Methods of Rearing Hi^ssiaii-Fly Para- 
sites 3t'7“382 

Palm oil, amount of stearic acid in the insol- 
uble acids of 112 

Puraleyrodes peneae^ 

description of 47c 

parasite of Per tea spp JTc 
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Pasteurization — 
effect of - 

fdi mold spores 

tiasii pr(.)ce.ss 

experiments with Holder process of r53~i54 

Pathological Histology of Sirawberries Affec- 
ted by Species of Dolrt tis aR,! Rhizopus 

(paper) 361-566 

Pear aphis, woolly 551*360 

Peanut. See A taihL hyp^^ca. 

Pear. See Pyrur spp. 

Pearl, R , and Curtis, M, R. (paper) vStud- 
ies of the Fti> siolngy of Reproduction in the 

Domestic Fowl, XV.— Dwarf Eggs 977-1048 

i Pea. See Pisum robnm!. 
i Pemberton, C. E, and Back, E. A. (paper) 

Effect of Cold-Storage Temperatures upon 
the Pujiae of the Mcditerraiieiin Fruit 

Fly 

Pen tcdiiuOT spp.— 
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' isolation of . . . 
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host plant of 7>j;i/i'!<roJfr 
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inoailation of. with Pucciwia gratninis 
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